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PEEFACE TO THE FOURTH EDITION. 



Tn Seoond Edition of this book was issued in April, ISOS, 
•nd the Third Edition, eonsiderablj enlarged, in October, 1898. 
In the present edition numerous alterations bare been made, 
which, it is hoped, may bring the somewhat wide subject- 
matter up to date. Dr. Eeilhack's Lekrbuck der prakMk&r^ 
Geologie, issued in 1896, covers for the most part a different 
fleld, and is of special value in dealing with questions of 
applied geology. The present book has always aimed at 
assisting practical enquiries into the materials of the earth's 
crusty whether from the point of view of pure research or of 
any special enterprise. It must never be forgotten, however, 
that practical geology is in reality a study of the open country 
in the open air, and that these " Aids " are intended to assist 
in the determination of what the eye sees and the hand gathers 
on the mountain-side or in the plain. For those who take 
their pleasure in learning from the earth around them, a 
smaller volume, ''Open- Air Studies," has been written, in 
which special appeal is made to the rock-masses in the field. 
But all the wide developments of geology must rest upon 
patient determinative work, and he who gives us a new piece 
of apparatus for the laboratory, or determines the true succes- 
sion of molluscan species, may at the same time furnish the 
due to some long-sought secret of the earth. 

Few changes in nomenclature have been introduced into this 
edition, and the limits of the names of rocks, and even of fossil 
genera^ have been kept as wide as possible. I have, therefore, 
thought it quite as unnecessary to relegate Terebratula to an 
ol scure position, on grounds of imperfect definition a century 
or so ago, as to set aside " granite " and ** basalt," and a score 
of customary petrographic terms. The StrophomenidiB, how- 



TiU ^BEFAOB. 

•▼er, oleurly required reyision, even at the expense of sererBl 
well-known species. The only change that seems to need 
explanation is the adoption of De Lapparent's term <'€k>t- 
landian," in place of the customary ** Silurian" or ''TJi^r 
Silurian." The convenience of this term, as a balance to 
" Ordovidan," was brought to my notice by Mr. A. M. Dayies ; 
and it has since proved, in writing or teaching, a way out of 
a very confusing situation. Those who have to deal frequently 
with the maps and memoirs of the Geological Survey in our 
islands, or with classical works on Silurian areas throughout 
Europe, will find the double nomenclature an aid, and not a 
hindrance. '* Ordovician " and *' Gotlandian " soon seem like 
the Christian names of two brothers, " Silurian " remaining as 
their surname. At the same time, it must be remembered 
that each name now ranks as that of an independent system. 
The Third Edition of this book was greatly assisted by the 
advice of Mr. L. Fletcher, F.E.S., as regards the description 
of the optical properties of minerals, and by Dr. A. H. Foord, 
F.G.S., in the revision of the fossil cephalopods. Mr. F. A. 
Bather, M.A., also kindly helped me in the choice of genera 
of crinoids. In this present edition, I have taken advantage 
of many suggestions made by friends, notably by Mr. J. J. H. 
Teall, F.E.S., and Prof Bonney, F.E.S. The latter has wished 
me especially to call attention to the applications of the micro- 
scope to powdered samples of rock and isolated minerals. I 
have somewhat emphasised the passages dealing with these 
subjects, and, in thanking Prof. Bonney, trust that the im- 
portance of the study of solid materials side by side with 
sections may never be overlooked in the practice of geology. 

GRENVILLE A. J. COLE. 
IhTBLiN, April, 1902. 



PREFACE TO THE FIRST EDITION. 



This little work is intended as a companion to any ordinaiy 
text-book of geology; and it is hoped that it may be of 
special service to those stydents who have made excursions 
into the field, and who wish to determine their specimens 
for themselvesw Mr. Joshua Trimmer, in 1841, issued his 
Pra4stical Geology omd Mineralogy^ with the object of en- 
couraging readers who were beyond the reach of oral in- 
struction. The book necessarily contained some theoretical 
matter ; but at the present day the abundance of excellent 
text-books has enabled these Aids in PracticaX Oeology^ 
while originating in the same idea, to be kept within still 
stricter limits. 

The section on blowpipe-work has been inserted as an aid 
to travellers ; while the description of the hard parts of fossil 
invertebrates will probably assist those readers who find it 
impossible to distinguish genera by means of mere names 
and figures. In arranging the genera thus discussed, those 
forms have been first dealt with which exhibit most com- 
pletely the characters of their class or sub-division. Hence 
highly developed types are often treated of before those 
which may have preceded them in time, or which may have 
degenerated from them. By kind permission, I have been 
able to utilise many of the figures of fossils illustrating 
Phillips's Manual of Otology ^ and have supplemented these 
by a few sketches and diagrams explanatory of special 
features. 

A large section of the book has been devoted to rocks and 
to the ordinary minerals of the earth's crusty since these will 
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always present themselves to the observer during any ex* 
pedition or in any country. As for the names used for 
igneous rocks, I have endeavoured to retain the comprehen- 
sive terms of pioneers, such as d'Aubnisson, Brongniart, and 
Hatty. The more exact determinative knowledge of the 
present day has introduced us to many new rock-varieties ; 
but these can be distinguished by the addition of a mere 
mineral prefix. 

In 1878 Prof. J. W. Judd, F.RS., organised the instruction 
in Practical Qeology at the Boyal School of Mines in London ; 
and it is difficult to express briefly how much this book 
owes, in respect of any merit it may possess, to the courses 
then instituted and continuously developed from year to 
year. My great indebtedness, also, to Prof. Judd's published 
papers, and to the works of Brush, Lacroix, L^vy, Rosen- 
busch, Teall, Zirkel, and Zittel, will again and again be 
apparent in the text. Numerous friends have, in addition, 
assisted me from time to time. At the risk of passing 
over some of the most generous, I must express my sincere 
thanks to Messrs. J. E. Duerden, L. W. Fulcher, J. W. 
Gregory, and T. H. Holland. And let me add, with Isaak 
Walton, that '' I have found a high content in the search 
and conference of what is here ofiered to the reader's view 
and censure ; I wish him as much in the perusal of it." 

GRENVILLE A. J. COLE. 

DuBUK, DeeembiT^ 1890. 
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PART I. 
THE SAMPLING OF THE EARTH'S CRUST. 



" A fonil shell may interest a ooncholoffiBt» though he be ignorant of the 
locality from whioh it came ; hut it will he of more yalne when he learns 
with what other species it was associated, whether they were marine or 
freshwater, whether the strata containing them were at a oertain elevation 
above the sea, and what relative position tJiey held in regard to other 
groups of strata."— Charlxs Ltkll, Princijdes ^ Otology, yoL i., 1830. 



CHAPTER L 

ON CERTAIN OBSEBYATIONS IN THE FIELD. 

The examination of the features presented by the Earth's crast 
in any locality, with the object of learning something of its past 
history, must always be one of the most deHghtful of occupations; 
and the material advantages arising from a correct determination 
of minerals and rocks are obvious to every traveller. Such aids 
in determinative geology as are given in the following pages 
may be applied in any halting-place, or in cities after the return 
from an expedition ; but in any case observations made on 
specimens are of slight importance if uncoupled with knowledge 
of their true position in the field. 

The Museum-Ourator, for instance, has duties of an invaluable 
character. He brings together, collates, and arranges the types 
and varieties described by authors, adding to them by his own 
special knowledge, and thus forming a series with which any 
new specimen can be easily and accurately compared. To 
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2 OBSERVATIONS IN THE FIELD. 

him the Earth becomes a great reality, for he surveys it through 
the extent of his collections and his studies ; but the ordinary 
student, gathering together a few relics fix>m the curiosity- 
cabinets of relatives and friends, finds that they appeal to him 
but little; they have no associations, they have long been 
separated from their kindred, they are " fossil '* in the worst of 
senses. But let him, having a knowledge of first principles and 
of museum-types, go out to see things for himself! Furnished 
with the maps and books of experienced workers, let him 
re-examine the evidence on which they have relied. A week's 
holiday thus spent amid varied surroundings, as on the Welsh 
border, or in Antrim, or around Edinburgh or Bristol, will 
provide material for long and careful study. Once in the field, 
the complexity of the subject will dawn upon him ; but at the 
same time he becomes assured that, wherever he may wander, he 
will find congenial work. The first visit to a district commonly 
raises numberless questions, when the specimens gathered are 
examined at his leisure ; and the suggestions of the laboratory 
or the microscope must be tested in a second or third excorsioa 
by re-examination of the relations of the rock-masses in the 
field. 

In the field itself broad names are assigned to objects, detailed 
determination being left for comparative and instrumental 
work ; but in these after-hours of study every scene comes back 
vividly before us, and even the lichens that may yet cling in 
hollows and betray the collection of an imperfect and weathered 
specimen, serve their turn with the naturalist and remind him of 
the wide, open-air, and eminently natural character of his work. 

The art of observing in the field, and of balancing the evidence 
ol various exposures, must be to a great extent learnt by oral 
tradition and personal guidance ; and the study of any geological 
map, with its outliers, its sinuous outcrops, its inliers, its 
repetitions by faults or foldings, should be carried on, wherever 
possible, in the actual district that has been mapped. The 
practical construction of maps, and of sections from them, is 
discussed in Sir A. Gtoikie's OtUlines of Field Geology (MacmiUan 
& Co.), and Penning's Field Geology (Bailli^e, Tindall & Cox). 

The examination of a country like Britain, or any part of 
western Europe, from the point of view of a student anxious to 
grasp the salient features, the connexion between underground 
and surface characters, has been immensely facilitated by the 
modem development of cycling. Traverse after traverse of a 
country may be mnde with some handy geological map carried 
in a capacious tool-bag, together with a hammer, heavy enough 



OBSBBYATIONS IN THB FIELD. O 

to investigate each wayside exposure. The physical geology, dip- 
slopes and escarpments, allnvial plains or mountain-gorges, become 
very real to travellers on the road; and the repetition of the same 
features in the same order in successive traverses comes upon one 
wich admirable distinctness, and gives a key to the structure of 
wide areas. When the general grouping of the strata has been 
grasped, attention can be paid to some limited district. But 
even here a bicycle or tricycle ready to hand is of considerable 
value. Though days and weeks may be spent on foot up 
and down rugged exposures, or across broad cultivated lands set 
with little quarries, as in the Oottes wolds, every now and then 
comparison becomes desirable with some distant point, and the 
road is taken without delay. The intervening country may be 
reviewed in passing ; when local work is completed, a different 
route can be taken in returning; and thus hints are received 
and sections examined which otherwise might have entirely 
escaped. 

And this matter applies also to geological observations in 
districts inviting by Uieir wildness. If the student of the 
Grampians, the Juras, or the Alps, can find time to approach 
them mile by mile along the highways, following up the rivers 
that flow from them, tracing afar off the limits of the lowland, 
the first curvings of the foot-hills, the change from pasture to 
moorland, from moor to desolate crag, he gains a most vivid 
appreciation of his surroundings when he arrives at the locality 
of his work. And just as the district in which he finally settles 
acquires dignity from its wide associations, so his very specimens 
and chips, whenever studied, come to have a truly geological, 
not merely mineralogical or palfeontological significance. Even 
a microscopic slide, amid such memories, seems to assume its 
place in natura 

The instruments used in the field should be noticed here. 
First in importance is the hammer, which may vary much in size 
and weight with the work proposed, and which may easily err in 
being too heavy, as well as in being too light. Before under- 
taking any long expedition, the head and shaft should be well 
tested, and the form of handle that cramps the hand least should 
be selected. A handle too small in circumference is liable to 
cause blisters, or at any rate to pain the hand, during long use 
on refractory materials. 

For most kinds of work, a flat end to the head about 1 inch 
square seems most suitable; the other end should be chisel- 
shaped, and there are many reasons, easily seen in practice, why 
the chisel-edge should run horizontally, not vertically, when the 
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hammer-handle is held upright. A strong side-reason when 
working in hill-districts is that a secare hold can often be 
obtained in ascending or crossing steep grass-slopes, by driving^ 
the chisel-end at each step into the soil. 

A sharp pic^-like termination may sometimes be useful, in 
place of the chisel-edge, for splitting open lumps of soft rock 
when seeking fossils, or for laying hold of and bringing down 
materials that are beyond the reach of the arm alone. But for 
general purposes, trimming of specimens, wedging out blocks, 
and so forth, the chisel-edge, some 1 inch or so broad, is in- 
valuable. 

Where much collecting is to be done, weight becomes an 
object; and the reduction of specimens to a convenient minimum 
size in the field is always desirable, since any accidental fracture 
can be remedied by at once securing another specimen. Hence 
a light trimming hammer proves a great additional convenience^ 
and the risk to specimens during trimming, particularly when 
they contain fossils, is thus very much reduced. 

Though many geologists prefer to dispense with a chisel, there 
is no doubt of its convenience where blocks of rock have to be 
worked out from a cliff-face, or in any place where the hammer 
fails to get an easy hold. A good *' cold chisel," some 4} to 5 
inches in length, is suitable. If it is too short, it may become 
driven in down joint-cracks before its work is done and before 
the block is wedged away from the parent-mass. 

Elaborate hammer-belts seem quite unnecessary. The speci- 
men-bag is commonly slung by a strap passing over the right 
shoulder, so that it can be steadied and partly supported by the 
left hand when it becomes full and heavy. An additional strap 
for the hammer cumbers the chest, and even in a belt the head 
has to be prevented from touching and wearing through the 
clothes. It is simple enough to slip the hammer into the side- 
bag itself, the handle projecting from the forward end under the 
flap. The left hand, by resting on the handle, can then easily^ 
during long walking, keep the bag from rubbing unpleasantly 
on the hip. 

The bag itself should be light and strong, with two strongly 
attached buttons, rather than straps, to close the flaps, so that no 
time is lost in opening. On moving from each collecting-place it 
must invariably be closed, as a slight slip or twist when climbing 
may deprive the observer of valuable spoils. In rounding rocky- 
slopes it is best to keep the bag slung well upon the back; if 
on the outside, it tends to destroy the balance in the wrong 
direction; if on the inside, it thrusts the body away from the 
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rocksy and is also liable to catch daring any rapid movemeau 
In jamping, as across little stream-cuts, it will soon be found 
that the hand should steady it from below. 

A receptacle that proves extremely light and satisfactory is the 
rabber *^ game-bag," covered with thin cloth, which is procurable 
at some water-proof dealers.* The price is about 6s., and the 
supporting rings and straps are genendly strong. Though liable 
in old age to be finally cut through by sharp rocks, the material, 
•even when perforated, does not fray away. 

It is scarcely necessary to mention a waUdng-stiok as part of 
the geologist's equipment, for it is indispensable on steep or 
roughish ground. It should, at anv rate, be never left behind 
where long slopes and taluses are in question, since its use will 
make observations possible that might otherwise involve genuine 
risk. Among rocks it may sometimes be necessary to throw it 
over in advance ; but to descend dry grass-slopes without a stick 
is undoubtedly time-consuming and vexatious. Mountaineers 
will forgive our reminding the geological student, who will often 
find himself in situations all the more pleasant for being un- 
fiuniliar, that a steep hill-side should be traversed with the stick 
in the inside, not in the outside hand. 

A compass is a necessity for the pedestrian. It may be com- 
bined with the clinometer, as in the convenient box-instruments 
often made. Many of these, however, do not allow sufficient 
length in the edge which is to be held co-incident with the line 
of dip observed. Any one can construct a clinometer from 
an ordinary protractor; a swinging index, or even a weighted 
thread, being hung from the centre of the straight edge so as to 
reach the graduated arc. Of course the 90* marked on the pro- 
tractor reads as 0* when a dip is to be taken ; thus, if the index 
points to 84*, the dip is 6*, and so on. 

In observing a dip, the plane of the graduated arc of the clino- 
meter must be held parallel to a vertical rock-&ce on which the beds 
Appear exposed, and the distance between the eye and the rocks 
ehould be reasonable, in order that the straight edge may appear 
coincident with a considerable lenfi;tb of the dipping strata. The 
instrument is tilted until this ed^e appears to lie along souke 
well-marked line of stratification; the plummet or index then 
points to an angle equal to the angle of dip observed. Several 
observations are desirable as checks to one another; any evidences 
of lenticular or current-bedding must be noted; and the compass- 
bearing of the £Btce of rock utilised must also be observed. 

* Metsrt. Walkley & Co., 6 Strand, London, supply these. 
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The dip thus found is very probably only an apparent dip, and 
is less than the true dip, which runs in some other direction. 
Two or more observations taken near to one another will settle 
this point. Thas where there are two dips seen on different 
walls of the same quarry, or in closely adjoining quarries, and 
where these are evidently not due to mere local slipuings or 
to the very common creep of the higher beds down the slope of a 
hill-side, then the direction and amount of the true dip can be 
found by the simple geometrical method of Mr. W. H. Dalton.* 

The directions of the walls, or 
rock-faces, on which the dips are 
seen are determined with the 
compass, and two lines are drawn 
to represent them on paper, 
^ving the angle r ab (fig. 1). 
Should one dip in the actual 
quarry-sections incline towards 
a and the other away from a, 
one of the lines drawn must be 
produced, so that the dips repre- 
sented in direction by the lines 
a b and a r both either indina 
towards or away from a. 

Draw a e perpendicular to a 6, 
and of any convenient length, 
say, for greater accuracy, about 3 inches; and draw as per- 
pendicular to a r and equal to a c. From e and 8 draw lines 
making with a e and a $ respectively anffles equal to the comple- 
ments of the observed angles of dip, and cutting a b and ariad 
and t. Then the angles adc and at 8 represent the angles of 
observed dip along the directions a b and a r respectively. 

Join d t ; this line represents the strike of the beds, a e, 
drawn from a perpendicularly to it, gives us the direction of 
true dip. Draw a/ perpendicular to ae and equal to ac ov as; 
join/e. The angle a e/, when measured with a protractor, gives 
the amount of the true dip. 

The matter is clear if the three triansles ast, acd^ and a/e 
are imagined as bent up so as to stand perpendicularly to the 
plane a td, which remains horizontal. The points «, e, and / 
coincide, and a plane laid upon the dipping lines 8 1, /e, and c d 
will represent truly a surface of one of the strata observed in the 
field, when both the apparent dips were inclined away from (k 




Pig. 1. 



♦ Oeol. Mag., 1873, p. 333. 
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dt MA horizontal line in this sur&oe, and is therefore the slrike ; 
the Une/e, now perpendicalkr to it, and also in the same snrlkce, 
ropreaente the tme dip both in oompasfr-bearing and in inclination 
to the horiaontal.* 

If both the obBerred dips are inclined towards the point a, it 
is clear tliat the same constmotion suffices, only the arrow set 
down npon the map to indioate direction most point iilong a t 
towards a and not away from it. 

Graphic methods like the foregoing serve the geologist tax 
better than any system of elaborate tables. ProTioed the scale 
of the drawing is snfficiently large, the errors of observation in 
the field, owing to the small exposures studied, will be greater 
tiian any that can be introduced afterwards by measurement 
from a carefully constructed drawing. 

To find the relation of the pmnt where observations are being 
made to features marked npon the map, and thus in one's notes 
to localise the observation, is often difficult in a wide and open 
country. Even the map on the scale of 6 inches to a mile 
cannot represent every rock and projecting boss, and measure- 
ments must be made extending finm some recognisable point to 
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the place of observatjon. The t^e-meaaore, bo important in 
determining the thicknesBes of beds on faces of a quarry, is often 
of use in direct meaenrement on the surface of the ground, for 
which purpose it should be at least 40 feet in length. Mere 
pacing over the interval is sufficiently accurate in many oases ; 
but where the position in aiimuth can be found, and it is a 

* Thoush dip uid strike are oommoDl; considered together, the Dip 
may be deiBoed independently U ths line of frreatest inclination to the 
hormiD, Bud the Strike aa the direction of a horixont&l line, in the plane 
surface of any bed. 
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question of how high above or how &r below some known point 
we are standing, the little instrument known as AbnejT's level 
(fig. 2) is of constant service. This level * is a combination of a 
contouring-glass with a graduated arc and rotating spirit-leve!, 
so that fairly accurate altitude-readings can be taken. Within 
a horizontal tube, square in cross-section, is an inclined metallic 
mirror, which extends half-way across the tube, its lower edge 
being straight and horizontal. Through an aperture in the 
upper side of the tube this mirror reflects the bubble of a little 
spirit-level, which is attached to an index-arm and can be rotated 
by the finger in a vertical plane. The index-arm, bearing a 
vernier reading to 10 seconds of arc, moves over a semi-circle 
graduated in degrees. 

For contouring — i.6., determining a chain of points at the 
same level above the sea as that from which we start — the index 
is adjusted to the zero-point, and the tube containing the spirit- 
level thus becomes accurately parallel to the eye-tube. On 
looking through the latter, and shifting it in altitude till the 
image of the bubble is exactly bisected by the horizontal edge of 
the mirror, any object seen through the tube to coincide with 
that edge is on the same horizon or contour as the eye of the 
observer. By proceeding nearer to that point and levelling on 
from it to one more distant, the chain of points may be estab- 
lished. 

By this means, even when only scattered heights and not 
contour lines are set down upon the map, the height above sea- 
level of some point near the place of observation can finally be 
determined. Such a point being known, the use of the level 
will determine the height of any other, provided it is reasonably 
accessible. Keeping the index still at zero, the observer, if the 
point to be determined is above that already ascertained, stands 
upright at the known point and levels through the tube at the 
slope above him. Selecting some prominent stone or grass-tuft 
that appears on the edge of the mirror when the bubble is 
bisected, he walks to this point and repeats the observation. 
By a succession of such observations, which may be made along 
the direct line between him and his goal, or along as zigzag a 
course as the nature of the ground may dictate, he finally arrives 
at the point the height of which is to be found. The number of 
times the observation has been repeated, multiplied by the 
height of his eye above the ground, as measured with a tape 

* Made by Messrs. Trooghton & Simms and other optioianB ; price about 
40s. Messrs. Trooghton & Simms also make a cheaper instmment of tha 
same kind. 
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when standing upright, gives the total height that mnst be added 
to that originally ascertained. 

Similarly, if the unknown point is below the known one, the 
levelling starts from the former and rises to the latter. 

So fiar, a simple level, about 1 foot long, with sights at each 
end and a little folding mirror just above it to show the bubble 
when it is being held level in the hand, will serve for these 
and similar contouring observations. But the convenience of 
Abney's level is that it can be also used for reasonably accurate 
determinations of the heights of difib, and the thicknesses of 
great divisions of strata displayed on them. Thus, if a level 
shore can be obtained, two observations of altitude taken at a 
measured distance from one another will determine the height 
of any part of a rock-£BU)e. The tube of the instrument is 
directed towards the point in question, and the spirit-level is 
rotated until the bubble appears bisected. Removing the instru- 
ment from the eye, the index will indicate the angle which the 
eye-tube made with the hoiizontal during the observation. In 
drawing out the results graphicaUy, the height of the eye from 
the ground will again have to be taken into account. 

Moreover, this level works excellently as a clinometer, and 
thus enables one to dispense in practice with any other instru- 
ment for measuring angles. Since, in the forms made, the bubble 
is not always visible when the graduated arc faces the observer, 
the instrument should be turned round so that the spirit-level is 
nearest to the eye. The edge of the eye-tube, which for this 
purpose might easily be made a little longer, serves as the 
straight edge of the clinometer. When it is adjusted so as to 
appear coincident with the line of dip, rotate the spirit-level 
until the bubble is seen to lie centrally in its tube. The angle 
at which the main tube has been inclined to the horizontal will 
be accurately shown by the position at which the index now 
stands. After the spirit-level has been rotated so as to become 
horizontal, the coincidence of the straight edge and the dip must 
be carefully checked, lest the hand supporting the instrument 
should have shifted its position. 

A common triplet pocket-lens, or any useful form that will 
bear rough usage, must always be carried in the field, as indeed 
it should be carried by the geological observer every day of his 
life, whether in town or country. A note-book without' ruled 
pages, so that outline-sketches may be added to the ordinary 
notes, can be kept ready in the side-pocket. 

Seeing that the page of a field note-book is necessarily small, 
it is a good plan to carry sheets of the size of writing-paper in 
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one's pocket-book, folded in quarters. Snob paper can be un- 
folded to suit tbe nature of tbe sketch. 

Facility in drawing tbe outlines of soenery comes with praotioe^ 
and a sketcb should be made of every critioed area or section, tbe 
points being lettered to facilitate reference in tbe notes or on the 
labels of specimens. 

Lastly, tbe geologist who knows how to treat and use 
a fountain-pen will never be without it in tbe field. For 
precision of line in sketching, for writing on loose pieces ot 
wrapping-paper, which may be waving in the wind, or on. 
smooth surfaces of the specimens themselves, there is no oom- 
parison between the utility of an ink-pen and a pendL Speci- 
mens may undergo various hardships during travel, and may 
remain packed up for months; but their labels, if written iik 
ink, will be always black and legible. 



CHAPTER 11. 

ON THE OOLLECnON AND PACKING OF SPECIMENS. 

EiXCEPT in the case of brilliant examples of minerals, or of fossil» 
exhibiting characters in an unusually fine state of preservation, 
specimens are of little utility or interest to the geologist unlesa 
gathered actually in aUu. A talus-heap, still worse a road-beap, 
the materials of which may have come from anywhere, afibrda 
very tempting but very misleading material. Some " specimens " 
seen in their true position are, however, far too large to be 
carried away. In such cases a sketch giving dimensions, or a 
photograph, must suffice, and chips from various parts may serve 
subsequently as illustrations of the whole. 

Hints are scattered through the following pages as to the 
points to be regarded in selecting specimens of various kinds. 
We need only note here that soils are best collected in artificial 
cuts or on ihe banks of streams, some 2 feet or so below 
the ordinary cultivated and altered sur£Etce.* Well developed 
crystals of minerals are to be hoped for only in cavities and on the 
walls of open joints ; while rock-specimens should be broken out 
from larger masses, so as to secure fresh un weathered sur^Eu^es. 
It is often useful, however, to show the amount of resistance of 

♦ Von Richthofen, FUhrer/Ur ForaehungtreUende (1886), p. 28. 
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the rook to atmospheric action by collecting the 8arfiu)e-ora8t 
also. The difference of colour between such crusts and the 
interior is often striking, as may be seen in brown clay-blocks 
with blue cores, or in the blue-grey '^felstones" of Wales, which 
weather to a porcellanous white. 

Fossils may often be gathered in a good washed-out condition 
on the loosely coherent banks immediately below the outcrop of 
the beds in which they properly occur ; but no pains must be 
spared in collecting from the horizons themselves, although the 
specimens th'us obtained may emerge fractured and otherwise 
obscured. The aaaemblage of forms should be fidrly represented 
in a collection, since it is well known that the mere fact of the 
oocnrrence of a particular species does not necessarily mark a 
sone. 

Curious errors of locality often arise, which are due to the 
indefatigability of man. Thus remarkable rocks are carried for 
long distances to decorate the window-sills of cottages, and after- 
wards become cast out upon the hills to puzzle the wandering 
observer. Similarly the glassy slags of long-forgotten furnaces 
have again and again be^ produced as evidence that volcanic 
rocks occur in audi and such an area. As to the shells of recent 
edible molluscs, especially the oyster, no locality seems too 
anomalous for their discovery. 

The labelling of specimens in the field may be done by attach- 
ing numbers to them on strongly gummed labels, and describing 
them, with corresponding numbers, in the note-book. Each 
specimen should be wrapped in newspaper to prevent friction 
with its fellows in the bag. Hence a less cumbrous, though at 
the same time less neat method, is to write all the description on 
some part of the plain white edge of the wrapping-paper ; this 
should be folded in so as to escape tearing, and should be always 
kept as carefully as the specimen itself It will form, in fact, 
when subsequently torn off on unpacking each specimen, the 
"original label" drawn up on the spot to which all future 
reference must be made. Experience shows that specimens thus 
labelled on infolds of their wrappers may be sent thousands of 
miles by rail or sea without any risk of confusion or loss of the 
observations recorded. Dr. Blanford advises travellers in tropi- 
cal countries to poison their labels by washing in a weak solution 
of corrosive sublimate, to prevent their being destroyed by mites 
and insects. (See the admirable series of papers entitled HinU 
to Traveller$, published by the Boyal Geographical Society, 7th 
ed., p. 382.) 
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Charles Darwin suggested from his experience that during a 
"^oyAge the specimens from distinct localities should have their 
wrapping-papers marked externally with characteristic signs, a 
practice of great assistance during unpacking.* 

The original label, or the note corresponding to it, should be 
as full as possible, and may even contain cross-references to 
specimens collected in the same series. If the locality is an 
unknown one, as in long traverses and in wilder regions, the 
hour and day of finding should be noted in each ^ase. Even if 
this goes on from day to day during the passage of an expedition, 
some idea can be gained respecting the relative positions of the 
places studied along the route. 

The practice of noting the day, month, and even year, on the 
label of every specimen, is, indeed, of continual use in after 
reference ; and in all carefiil study of an area the hour of the 
day is of assistance. These minute facts, like so many others, 
are not, however, for publication. In research-work the duty of 
the observer is to separate the important &cts from the mass of 
material that has been gathered on the chance of its proving of 
importance. On the spot everything must be noted ; later studies 
weed out the fundamental from the trivial. The young writer 
who refers to his specimens by number, and describes them each 
in detail, has either lost sight of their field-relations, or is work- 
ing on '^ drifted" material in the darkness of cabinets and 
museums. 

The transport of geological specimens to their destination is 
seldom a matter of difficulty, owing to their non-perishable 
<;haracter. In most places cheap sacks or bags are obtainable, 
and these prevent the specimens from shaking on one another, 
as they may possibly do in a partially filled box. The bag 
should be of stout fibre, and should be sewn over with strong 
string just above the specimens. Several such bags may be 
sent on beforehand to the area of work, since there is offen a 
difficulty in a small town in procuring a box of sufficient strength 
and of convenient size. 

Fossils travel better in a wooden box, unless each can be 
•enclosed in a small box of its own. Small and delicate specimens 
may be separated in stout corked glass tubes, wrapped round 
with paper several times ; others may be temporarily glued to 
iihe bottom of chip-boxes before packing. Where wool is used, 
it is important to first wrap the specimen in tissue-paper, since 
the fibres of the wool, if in direct contact, remain upon the 
specimen for years. 

* Admiralty Manual ofSdenHJic Bnqwry (1859), p. 272. 
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The development of the parcel post has greatly facilitated the- 
transport ot small series of specimens from foreign countries. 
It should be noted that in Italy a linen cover is required to> 
parcels, paper alone being inadmissible; hence here, and else- 
where as a safeguard, a few calico bags to enclose the series sent' 
form a handy addition to one's equipment. 



PART 11. 



THE EXAMINATION OF MINERALS. 



*' La Min^ralo^e, ^tant ime branohe de PhiBtoire natarelle, lee mtaiM 
principes qui dingent lea naturalistes en g^^al doivent diriger ausd le 
miD^ralosiste. 11 oherohe a connottre et k appr^oier la place que les divers 
•esp^oes de min^ranz tiennent dans oet ensemble d*6tres qa*on nomme la 
nature, et k s'instmire du rOle qn'ils y jonent/' — At.exandrk Bbonomiabo^ 
TraiU de Min^ralogie, 1807. 



CHAPTER IIL 



ON THE OCCURRBNCB AND SOME PHYSIOAL OHABAOTERS OF 

MINERALS. 

A. Mode of Occurrence. — The relation of the mineral 8(>ecimen to 
its surroundings should in all cases be observed prior to its 
oxtraction. Its ocourrence in veins or diffused through a rock- 
mass, in concretionary forms or in well-developed crystals, its 
deposition upon earlier-formed constituents, or its inclusion in 
other substances that have aggregated round it— these are a few 
-of the many points that may help in its final determination. If 
it appears to be a product of alteration, search should be made 
for examples of the mineral or minerals from which it may 
reasonably have been derived. In the case of a substance of 
especial interest or of commercial importance, a rough sketch or 
plan of the spot made in the field will often refresh the memory 
and assist description when the details come to be worked out 
later. 

B. Extraction. — The modes of extracting particular minerals 
from the mixed or massive aggregates known as rocks will be 
more conveniently treated of in connexion with the rocks 
themselves. The mineral particle, whether crystallised or not, 
having been isolated from its matrix, some one or all of the 
ioUowiug methods of examination may be applied vrith a view 
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to its determinatdon. The test of hardness, and some obser- 
vations on form and cleavage, may often be employed without 
its removal from its surroondings ; similarly, the optical testa 
described are far more commonly applied to minerals occurring 
haphazard in rock-sections than to preparations cut in known 
ilirections from specially extracted specimens. 

C. Colour and Lustre — Transparenpy or Opacity.— It is un- 
necessary to remind any worker among minerals of the variation 
of colour in one and the same species. The ores of the heavy 
metals are by &r the most constant in their colouring ; but even 
here the phosphates, carbonates, dec., may assume very deceptive 
tints. Similarly, a mineral may at times be transparent, at 
others apparently opaque. Sometimes, however, as in the 
blacker varieties of zinc blende, a small chip or two flaked off 
will reveal the true translucent character of the more typical 
mineral. The blue and blue-green colours of vivianite will 
similarly become visible when flakes broken from dark crystals 
are held up in forceps to the light. Some minerals, on the other 
hand, sudi as magnetite, are opaque even in the thinnest 
fragments ; and this proper^ becomes accordingly usefril in 
their identification. 

The lustre of the &oes of crystals or cleavage-planes is often 
of service, though these are liable to be dulled by filmy products 
of alteration. The lustres recognised by experts are given in 
«J1 works on mineralogy. 

D. Streak. — ^The streak of a mineral, t.e., the colour of its 
powder, can very often be observed by scraping a rough edge of 
the specimen with an old but clean knife, and spreading out the 
little fragments, under pressure of the blade, upon white paper. 
A refinement is to use a slab of unglazed porcelain or the side of 
s mortar, across which the specimen is drawn ; the coloured 
lines thus given by different minerals may be produced closely 
side by side, and comparison becomes very easy. The specimens 
must be free from sur&ce-films and decomposition-products. 
While most rock-forming minerals yield white or colourless 
streaks, the results given by many sulphides and oxides of the 
heavy metals are eminently useful and characteristic, especially 
when known specimens are ready at hand for comparison. It is 
scarcely necessary to mention the r^ streak of specular iron or 
haematite, the orange-brown of limonite, the grey of galena, the 
purple-red of pyrargyrite, or the browner red of cuprite, as 
feuniliar and practical examples. 

£. ^eternal Form. —The pocket-lens will aid considerably in 
examining the crystalline form of minerals that have consolidated 
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under favourable conditions ; but the undue development of cer- 
tain faces, or the almost complete suppression of others, renders 
the interpretation of natural forms far more difficult than 
would appear from the symmetrical drawings and models which 
are first placed before the elementarj student. I^ot even the 
measurement of the angles will distinguish between an elongated 
cube and a prism of the tetragonal system ; but, in such a proble- 
matic case, some other test is certain to be available which will 
virtually decide the question of the species to which the mineral 
belongs. In the preliminary examination with the eye or with 
the lens, twin-structures may occasionally be detected. Thus 
the characteristic Carlsbad twinning of orthoclase, whether in 
granitic or trachytic rocks, is very generally observable upon 
broken surfaces ; the basal cleavage is inclined in reverse direc- 
tions in the two halves of which the crystal is built up ; hence 
the one half will show, as the specimen is turned about in the 
hand, a series of brightly reflecting surfeices, while the other 
remains dull or even earthy-looking. Repeated twinning, as in 
plagioclase felspars, often reveals itself by the appearance of iine 
alternating duller or more lustrous bands. 

It is often useful, and in some cases is absolutely necessary, U> 
determine the angles made by certain planes of the crystal. Even 
where works of reference are not to hand, the determinations can 
be forwarded to a friend more fortunately situated ; and the 
angles thus measured and compared will, from their constancy in 
the same species, serve to explain &ces and forms of the most 
anomalous development. With sufficient practice upon familiar 
specimens, the well-known contact gODiometer of Carangeot * is 
capable of giving excellent results. In its simplest and perhaps 
handiest form it consists of two small flat bars of steel or brass, 
in each of which a slot is cut extending from near one end to the 
centre, the other half remaining solid. A little bolt is passed 
through the slots, and the bars are clamped together by a 
nut. By releasing the nut and drawing back or thrusting 
forward either of the bars, their cleanly-cut inner edges may be 
applied to any two planes of the crystal that are not parallel to 
one another, the measurement being taken when the edges of the 
bars are perpendicular to that formed by the intersection of the 
two planes of the crystal. When exact contact has been made, 
which may be best secured by holding up the crystal and the 
instrument, and observing that no light passes between the planes 
and the edges of the bars, the bai*s are carefully clamped together 

* OhservcUions sur la Physique^ dsc, tome xxiL (1783), p. 193. HaUy and 
others have spelt the name " Carangeao " and " Caringean." 
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and again applied to the planes in qnettion. If no shifting has 
taken place daring clamping, it onlj remains to determine the 
angle between the inner edges of the bars. 

This is best done by applying the instmment to a semi-circular 
or cironlar protractor, which indeed forms an integral part of the 
contact goniometer. The point of intersection of two adjacent 
edges of the bars, or else of their middle lines, is made to coincide 
with the centre from which the angles have been marked off on 
the protractor. The angle is read off between the prolongations 
of ^e bars and not between the edges that were actoaJlj i^ 
plied to the crystal 

Mr. Penfield has recently devised two types of cheap and 
simple contact goniometers, in which the materials are card 
and vulcanite. These are sold by G. L. English, 812 Green- 
wich Street, New York, at about 2s. each, and are highly 
serviceable. 

In the case of small crystals, and where greater exactitude is 
required, the reflecttre goniometer must be employed, but is, of 
course, available only where the faces are reasonably bright. 
Dull planes of crystab may sometimes, however, be rendered 
artificially lustrous by cementing to each a little flake of micro- 
scopic cover-glass, the gum or cement being spread equally over 
the fiu^e. The instrument, as described in every text-book of 
mineralogy,* necessarily costs several pounds ; but for general 
puiposes of identification the ingenious contrivance of Professor 

W. H. Miller, based upon the 
same principles, proves very 
simple and eflicient. A stout 
brass wire, bent at right angles 
at the top, is fixed upright near 
one end of a thick piece of 
board, which should be about 
a foot long, with neatly planed 
edges. A cork is fitted on the 
bent arm of the wire, as shown 
at c in fig. 3, and through it a 
shorter wire is thrust, also 
bent at ri^t angles, and bear- 
ing a little plate, a, of cork or wood on one end. The crystal 
to be examined is attached to this plate by wax,t and the wires 

* WolUston*s original paper is in the Phil, Trans, Roy. Soe,, vol. xcix. 
(1809), p. 263. 

f Bir. Onmey, in his CrystaUograph^^ recommends bees'- wax and olive 
ofl melted together and ttiiTed until soitable oonsisteooy la attained. Only 
a amaU admixture of oil U required. ^ 




Fig. 3. 
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must be of sach a length that, by the various adjustments of 
which this simple instrument is capable, the crystal-edge con- 
cerned can be brought into an accurately vertical position and 
immediately over one of the nearer angles of the board. 

The instrument is placed on a sheet of paper fis^tened by 
drawing-pins to a table at some eight or ten feet distance from 
a window or similar opening. If the window has a vertical bar, 
this may be utilised as a signal during measurement; if not, 
some rod or band can easily be hung across it. A second 
vertical signal must be set up at the same distance from the 
instrument, and may conveniently be placed on the same wall. 

The eye is brought dose against the crystal, and the gonio- 
meter is moved about on the sheet of paper until the reflection 
of the window-bar seen in one of the briorht faces concerned 
appears to coincide with the second signal seen beyond it. Kow 
rule a line on the paper along one of the longer edges of the 
board. 

Bring the eye again into the same position as before, and 
rotate the board horizontally about the point over which the 
crystal edge has been adjusted. This rotation may be assisted 
by having a large drawing-pin fixed to the wood, its point 
projecting downwards exactly below the comer of the board. 
When, by rotation, the reflection of the window-bar is seen in 
the second &oe of the crystal and is made to coincide with the 
other signal as before, another line is ruled from the same edge 
of the board upon the paper. Measure the angle between these 
two lines with a protractor; it is obvious that, no disturbance of 
the first adjustments having occurred, it will be the supplement 
of the ancfle between the two faces. One of the lines may be 
produced beyond the point of intersection, and the actual angle 
may thus be measured off at once. 

Oare must be taken in selecting faces to be measured by any 
method involving reflection, and at first a little difficulty will bo 
experienced in seeing the image of a signal on so small a surfsu^ 
however bright. Beginners are apt to hold the eye at far too 
great a distance, and thus run the risk of con^isin^ the 
reflections from two adjoining fiEu>es. Leaving the discussion of 
telescopic and other refine aients to advanced treatises on minerar 
logy, an easily constructed form of the ordinary Wollaston 
goniometer may be described in concluding these remarks. In 
fig. 4, a is & strong wooden upright fixed to a board as a base, 
and serving as a support to the circular protractor, h. A T-piece, 
tj conveniently maae of brass tube, runs horizontally through the 
support, its axis traversing the central point of the protractor. 
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the bar of which has been partly out away. The bearings of I 
may consist of bored corks thrust firmly into a larger hole in a, 
4uid its cross-pieoe forms a handle by which to turn it during an 
observation. Two corks, c and d, work on the prolongation of t; 
<c carries a pointer, which can be adjusted to some convenient 
degree on the graduated arc, a semi-circular protractor being thus 
All that is actually necessary ; while d, which can itself carry 
other cork and wire refinements, serves to support the crystal on 




Fig. 4. 

its bed of wax. The refinements hinted at may facilitate the 
adjustment of the important edge so as to coincide with the axis 
of t, and a small cork sliding st&y on a wire, as indicated in the 
sketch, will allow of the use of specimens difiering largely in 
size.* The signals used are, of course, horizontal, and the 
reflection of the first one in a piece of glass backed by dull black 
paper and placed under dy as in the excellent student's instrument 
devised by Mr. Miers,t will enable the worker to dispense with 
a second and independent signal. 

Any one fiimiliar with tools and with a lathe can easily 
improve and elaborate such an instrument ; but the simple form 
here mentioned serves well for determinative purposes. More- 
over, if the protractor is fixed by two small screws with flattened 
or ring-shaped heads, such as are commonly used for picture-rings, 
it IB clear that the whole arrangement can be taken down without 
the aid of tools, and, with a little care in adjustment, set up 
again ready for use. It is well before using it to test its 
behaviour upon some known and satis&ctory object. 

As examples, a few crystal-cmgles are subjoiAed, some of the 

* A piece of oork may alao be thrust into the end of t, and from it a fine 
needle may project, coinciding with the axis of rotation. Against this 
aeedle the edge m question may be adjusted. 

t Alade by Messrs. Tronghton k Simms, London. See Min, Mag,, voL 
ix., p. 214, pis. iil-v. 
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figures being suflSciently obvious, but given here as useful tests 
for practice : — 

Quartz; adjaoeot faces of positive imd negative rhombohedron ; 133* 44'.. 

Ccdcite; cleavaffe-rhombohedron, measured over a polar edge ; 10 J*" 5'. 

Fluor-gpar; oube faoe and octahedral cleavage; 125° 16'. 

AugiU; prism faces ; 87*" 5' and 92*" 55'. 

Hornblende; prism £soes ; 55* SO' and 124* 30'. 

Orihoclcue ; principal cleavages ; 90*. 

LaJbradorite ; priacipal cleavages ; 93* 20' and 86* 40'. 

Ocumet; two adjacent planes of rhombic dodecahedron ; 120*. 

Spinel; octahedron ftujes ; 109° 28'. 

Topaz; typical prism faces ; 124* 17' and 55* 43^. 

Zircon; pnsm faces ; W. 

F. Cleavage. — The presence or absence of cleavage should be 
carefully looked for, and the examination of broken fragments of 
a mineral with the pocket-lens or the microscope will often afford 
valuable evidence. The planes of cleavage are often marked out 
on the exposed surfeice of a crystal, as in hornblende, by tracea 
of incipient decomposition. The use of the basal cleavage in 
observing the twin-structure of orthoclase has been already 
referred to. The phenomena described by Professor Judd aa 
" Schiller isation " * give rise to planes of separation, commonly 
regarded as cleavage-planes, these secondary surfGtces of weak- 
ness being marked by a pearly or sub-metallic lustre. The 
shimmering surfaces of broken diallage, ordinary brunzite,. 
murchisonite, &c., are due to this type of separation-plane, and 
the minute plates that cover them may be well seen in sections 
under the microscope. 

As examples of the utility of the observation of cleavage, we 
may refer to the following minerals : — 

1. Colourless and transparent minerals : — 

Quarto.— No cleavage ; fracture conchoidaL 

Topaz, — Cleavase basal, perfect. 

AauUuriaf Sanidinej and other clear felspars. — Basal and cUno- or brachy- 
pinacoidal cleavases, perfect. 

CalcUe, — RhoniDohedral cleavage, perfect. 

Ara^onite, — Does not yield the perfect rhombohedra of calcite ; brachy* 
pinacoidal cleavage alone good, prism and brachvdome imperfect. 

Fluor-9par (often coloured). — t^Heavase octahedral, perfect. 

DtomoTui.— -Cleavage octahedral, peitect 

Common Muscovite and other pale micas. — Remarkably perfect basal 
cleavage. 

♦ ** Tertiary Peridotites of Scotland ; " Quarterly Joumai of Oeologicai 
Society, London, vol xlL (1885), p. 383. 



0. OrthoolAM, fresh and oiaavable. 

7. QoartE. 

8. Topaz. 

9. Corundam, cleaved. 
10. Diamond 
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2. Darkly-coloured or opaque black minerals : — 

Augite and HombUndc^Cl^rt^geB prismatic and good. 
Tovrmcdine (£^d^oW).— Cleavage seldom seen ; fracture fairly oonchoidaL 
Dark Micas. — Like muscovite. 
Woljram — Clinopinacoidal cleavage, perfect 
CoMiUrite. — Prismatic deavages, imperfect. 
Zinc S^efuie.— Cleavage paraltol to rhombic dodecahedron, perfect 

G. Hardness. — The hardness of minerals, though varying at 
times in the same crystal according to the plane or direction 
selected for the test, forms none the less one of the best known 
and most satisfisu^tory means of discriminating between substances 
•closely similar in appearance. The Scale of Hardness devised by 
Mobs consists of the following minerals, arranged from the softest 
to the hardest : — * 

1. Talc. 

2. Gypsum (Selenite). 

3. Calcite. 

4. Fluor-spar. 
fi. Apatite. 

Any one seeking to determine minerals should be thoroughly 
well acquainted with this scale. The relative resistance of each 
member to the point of a good pocket-knil'e should be carefully 
observed in succession, until No. 7 is reached, which is not 
scratched by steeL If a specimen of each member is passed 
lightly over the surface of a file, different amounts of material 
will be removed from each, and the sound produced, at first 
slight^ will become more grating as the higher members are 
used. It is yet more convenient to draw one edge of a three- 
«ided file lightly across an edge of the member of the scale, the 
var3ring amount of resistance and the difference in the sound 
being very clearly noticeable. 

When the scale itself has been thoroughly mastered, the hard- 
ness of a mineral specimen may be determined by it. A sharp 
point of the mineral is selected and drawn firmly across Nos. 9, 
b, 7, Ac, until a member is found upon which a scratch can just 
be made. It is always necessary to pass a brush or the finger 
Across the supposed scratch to remove the powder, which may 
after all be derived from the mineral examined, and not from 
the member of the scale. A true scratch will appear as a 
distinct little groove when examined with the pocket-lens. 

When a member is found that can be scratched by the mineral 
under examination, further test should be made of the effect on 
that next higher in the scale. The use of the file will also help 

* The intervals between the successive members of the scale are now 
known to be exceedingly unequal See, for instance, T. A. Jaggar, Amer, 
Joum. qfScL, Dec., 1897, p. 411. 
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to ally the mineral with one or other member, or to place it mid- 
way between two, when its hardness is known as 3*5, 5*5, &,c 

With practice, however, the use of the scale itself becomes 
necessary only in cases of special interest, and the observer 
relies largely upon certain simple instruments alone. Thus — 

(a.) Minerals unscratched by a good knife have a hardness 
(H) of 6 or upwards ; 

(h.) Minerals scratched with a knife have H = 5*5 or less ; 

(e.) Minerals scratched by a bronze coin have H ^ 3*0 or less ; 

(d.) Minerals scratched by the thumb-nail have H » 2*5 
or less. 

Few minerals are harder than 7, and the relative degree of 
resistance to the knife afforded by the softer substances will 
commonly assign them their places, even when an actual Scale 
of Hardness is not to hand. Few persons will find serioua 
difficulty in thus distinguishing between degrees 3, 4, 5, and 6, 
while the thumb-nail decides the lowest degrees of all in an 
equally efficient manner. A thin soft mineral, such as talc or 
mica, wrapped about a harder core, as may occur in schists, 
presents occasionally a difficulty ; and it must be remembered 
that decomposition renders many substances softer than the 
values given in text-books, which are those of typical specimens. 

The hardness of smaU fragments of minerals can be best 
ascertained by drawing them across a substance already deter- 
mined. A tlun layer of *' electric cement'' * or similar material 
may be melted on to a small bar of wood, and the grains to be 
tested may be partly embedded in this, and will become firmly 
set when all is cool. The cement must not be so thick as to 
allow a grain to become enveloped when pressed down into 
it. Using the wood as a handle, draw the mineral grain 
or grains over glass, bronze coins, members of the scale of 
hardness, <&c., and observe the results. Where several grains of 
different hard minerals have been embedded for comparison, a 
good deal may be done by drawing a glass slip, such as is used 
for microscopic mounting, across each grain in succession, and 
noting the varying depth and character of the scratches thua 
produced. 

H. Magnetic Characters. — The minerals that are attracted by 
an ordinary magnet in their natural condition are very few, the 
most familiar being magnetite and pyrrhotine. The former at- 
tracts its own powder very freely, affects the magnetic needle 
of a pocket-compass in a more or less marked manner, and not 
* 6 parts resin, 1 part beee'-wax, and 1 part red ochre. 
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nnfrequently exhibits strong polarity. Fragments of pjrrhotine 
also attract their own powder, are easily lifted by the magnet, 
and are recognised by their bronze-yellow colour. In the case 
of feebly magnetic substances, their powder should be spread 
out on a smooth sheet of paper and the magnet moved about 
just above the little particles in a somewhat brisk manner. 
Even if the particles decline to quit the paper for the magnet, 
moyement can be easily seen among them, and they will rise 
and stand on end as the magnet nears them, fSdling again after 
it has passed. 

Compounds of iron, nickel, and cobalt, not previously magnetic, 
become so after reduction on charcoal before the bloMrpipe. The 
mass must be cut out, crushed, and then treated as above. The 
particles extracted from the residue by the magnet can be further 
tested in borax or microcosmic salt (See Chapter Y.) 

If the magnetic properties are so weak that the particles have 
to be touched with the magnet before they are influenced by it, 
care must be taken that the magnet is perfectly clean. Examina- 
tion with the lens will show whether any adherent particles are 
held by virtue of their magnetism or by mere clinging to a 
moist or sticky surfiu^. In the former case they will be seen 
standing up in unusual positions upon the steel. 

The place of a bar-magnet can always be taken by a magnetised 
blade of a pocket-knife. With a kmfe that has been so treated 
useful field-observations may be made. Thus the remarkable 
prevalence of pyrrhotine may be shown in some rock-masses, in 
plaoe of the more familiar iron-pyrites; and such occurrences 
jnsy easily be overlooked unless detected on the spot itself 

I. Specifie Gravity.— The most flEuniliar method of determining 
the specific gravity of a body is that involving the use of an 
accurate balance and a set of chemical weights. The specimen 
is suspended by a light silk thread from the hook on the under- 
side of a small pan, which replaces the ordinary pan of the 
balance. It is weighed in air {yo) and then immersed in a glass 
of distilled water ; all bubbles are carefully removed,* the water 
being boiled if necessary, or the vessel being placed for some 
time under an air-pump ; the weight of the specimen when sus- 
pended in water is then determined (ii/), and the specific gravity 

(G) = 7. In accurate determinations the water used should 

* To remove babbles with a bnuh, withdraw the specimen and paint it 
over, as it were, with water, which should be worked well into the hollows. 
On agam immersing, the babbles will have broken and disappeared. 
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be at a standard temperature— English observers have chosea 
60' F. 

Some few substances of interest to the geologist may be lighter 
than water — t.^., they have a density of less than 1. In such 
cases a sinking-weight may be attached, and allowed for as 
follows : — XiOt the weight of the sinker in water be a', and the 
joint weight in water of the specimen and the sinker be h\ t0 
being, as before, the weight of the mineral in air. Then in 

place of u/ we have V — a' and G = 57 7. 

to — o + a 

It is often impossible to suspend small mineral fragments 
directly from the hook ; but they may be weighed in a little pan 
attached to the light silk thread. Let the weights of this pan in 
air and water respectively be a and a' ; add the mineral particles, 
and let the weight of these together with the pan be determined 
both in air and water (b and by Then to = 6 - ci, and to' = 6' — a\ 
whence G can be worked out as before. 

Mr. Smeeth* has devised an excellent modification of this 
method, which avoids all risk of loss by the flotation of small 
grains during immersion. The pan is partly filled with vaseline, 
which is melted after the mineral particles, already weighed in 
air, have been laid upon it. The mineral thus sinks in and is 
completely covered. The difference of weight in water of the 
pan and vaseline, and the same with the mineral added, gives 
the weight in water of the mineral powder used. 

In the case of substances soluble in water, alcohol, turpentine, 
or carbon tetrachloride can be used. The figures are worked 
out as usual, but the result must be multiplied by the density 
of the liquid used, which may be determined by comparing the 
weight of a vessel filled with it — preferably a specific gravity 
bottle — with that of the same vessel filled, at the same tempera- 
ture, with distilled water. 

The use of the specific gravity bottle involves appliances of 
some delicacy. t The bottle should be small, to suit the probable 
amount of material to be used; a 25-gramme flask is large 
enough. Fill it with distilled water, insert the perforated 
stopper, and wipe off" any water that has flowed over. Place the 
powdered or fragmentary specimen on the pan of the balance on 
a scrap of smooth paper, a counterpoise to the paper being laid 
in the other pan. Weigh thus in air (to). Now place the full 
bottle beside the specimen in the pan, and determine the joint 

* Proc. of the Royal Dublin Soe., voL vi. (1888), p. 61. 
tFor refined work, see Berkelev, "Aocurate method of determimng the 
density of solids," Miri, M<tg., vol. zi (1897)» p. 64. 



SOME PHT8I0AL CHABACTBB8 OF MINBBALS. 25 

weight, a. Transfer the specimen to the bottle, remove bubbles 
with particular care, replace the stopper, wipe, and weigh again 
{by The weight of water displaced by the specimen = a - 6. 

ThenG = 7. 

a - 

The instrument known as Nicholson's arsdometer or hydro- 
meter is described in every text-book, and, with a delicate set of 
weights, gives fairly accurate results. A more or less tubular 
hollow metal body, closed at both ends, bears a weighted pan 
at the lower end, and a second pan at the upper end, supported 
on a thin vertical rod. The instrument floats upright in water, 
but must sink only so far as to leave the greater part of the rod 
above the surface. A scratch is made on the rod*^ well above 
the sarfitce of the water, and weights are placed in the upper 
pan until this mark is brought down to the water-level. Let 
this weight be a. The observation is best made by looking up 
from below through the side of a transparent vessel, until the 
scratch just appears and disappears as the instrument sways 
slowly in the water. The specimen must be lighter than a, and 
is now substituted for the weights in the upper pan. Again 
add weights (b) until the mark comes down to the water-leveL 
The weight ot the specimen in air (to) = a - 6. Remove the 
weights, and place the specimen in the lower pan. A greater 
weight than 6 will now be required to bring the instrument to 
the standard position. Let this weight be e ; - b = the weight 

•of the water displaced by the specimen ; hence, G = ?. 

Undue swaying of the instrument and immersion of the 
weights may be prevented by covering the vessel with a card- 
board or wooden plate, the rod coming up through a, broad slit. 

Apart from the &ct of its requiring a box of weights, and an 
inconveniently large vessel in which to float it, the aneometer 
scarcely competes in convenience with other simple instruments 
now in use.t 

First among these comes an appliance resembling a steel-yard, 
invested by Mn William Walker, of Dundee, and described by 
him in the Geological Afagasoine for 1883, p. 109. Its popularity 

*Thi8 mark is generally omitted in the instnmientB sold, and has to be 
put on by the pnrobasec. The most aoonrate results are obtainable when 
the sinking-weight is above 15 grammes and 10 grammes or so of the 
specimen can be used. 

t On this point see Prof. J. W. Judd, *' On the rapid determination of the 
Specific Gravity of Minerals and Rocks." Proe. Oeol. Assoeiationf voL viii., 
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has earned for it the name of Walker's balance, and it remain? 
at present the most oonvenient and portable instrument of which 
the geologist can avail himself. 



^ 



a 



ft 



Fig. 5. 



The steel bar, A, in fig. 5 is supported in the rest, B, by i^ 
knife-edge piece fixed through it about 3 inches from one end. 
The remainder, some 18 inches long, is graduated into inohee 
and tenths, starting from the point of support. 

The short arm of the bar is notched upon its upper surfiftce, 
and a heavy weight, 0, can thus be hung from it at a variety of 
distances from the frilcrum. 

The long arm passes through a looped upright, D, which 
checks undue swinging, and, by a mark scratched on it, servea 
to indicate when the bar comes to a horizontal position. 

The specimen, which may weigh several ounces, is hung by a 
cotton thread, a loop of which passes over the long arm. It is 
then slid along the arm until it counterbalances the weight 0,. 
which has been suspended near to or fisir from the fulcrum, accord- 
ing to the weight of the specimen used. 

When the bar indicates by its swing that it would come to 
rest in a horizontal position, the reading a is taken ; ».«., the 
distance from the f&lcrum of the point of suspension of the 
specimen. 

The weight is kept in the same position, and the specimen 
is immersed in a tumbler of water ; to restore equilibrium, the 
specimen must now be carried farther out along the beam. Let 
this new position be b. Then, a and b being, by the principle of 
the lever, inversely proportional to the weights in air and water 

respectively, G = ,— — . 

The results are accurate to the first place of decimals, and 
often compete with the ordinary balance in the second place ; 
while for mineral or rock specimens of a fidr size they may be 
held to be entirely satisfactory. 

The earlier forms of the instrument had a spare hammer-head 
as a weight, a shaft being also supplied. This hammer might be 
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used and worn down without affecting the value of the results^ 
since all we require is that should be the same in the twa 
experiments made upon any one specimen. The division of the 
bar into centimetres and millimetres will give more delicate 
readings and also a useful scientific scale. The supports are 
made to unscrew firom their bases, and all is packed away into 
a light box, which for travelling can be reduced to a baize 
wrapper with pockets, such as is often used for tools.* 

The somewhat similar balances devised near the beginning of 
this century present several ingenious features, but involve 
greater difficulties in manufiusture. Thus Lukensf used an 
equipoised beam, suspending the specimen from the shorter and 
thicker arm, and running a weight, which might be a smaller 
suspended specimen, along the other and graduated arm to 
restore equilibrium. Coates^ proposed a similar beam, but 
introduced a graduation that enabled the specific gravity to be 
read off without calculation. ** The shorter end is undivided ;. 
but on the longer is inscribed a scale, of which every division, 
reckoning from the extremity of the lever, is marked with & 
number, which is the quotient of the length of the whole scale, 
divided by the distance of the division from the end. Thus at 
half the length is marked the number 2, at one-third 3, <fec» 
Also at two-thirds the length is marked li, at two-fifths 21, 
Acy . . . the pivot of uie instrument represents unity, and 
a notch is made at the further end." Any convenient weight 
is hung by a hook from this notch, A ; the specimen is slung 
from the other arm by a horse-hair or thread and slid along till 
equilibrium is attained. The reading A B, where B is the ful- 
crum, is obviously constant for all experiments. Immerse in 
water ; the small weight must now be slid in from A towards 
the fulcrum B ; let this reading in water be OB; then. 

G = -j-^ — j«^ «■ A~7^' '^® graduation adopted gives this result 

at once, for we have only to read the figure coincident with the 
point C. 

Mr. Roswell Parish § has described a balance resembling in- 
some points that of Ooates. Two pans are hung one above the 
other from a fixed point on one arm of the beam, the lower pan 

* Walker's balance is made by Mr. O. Lowdon, Reform Street, Dundee, 
Price 31 8. 6d. 

t PhUo9ophical Magcumey vol. Iviii (1821), p. 108. From Joum, qf 
Acad. ofNtU. Sciences, Philadelphia, vol. i.. Part 2. 

t Ihid., p. 109. From same source. 

f Americcm Jowra, of Science, ser. iil, voL x. (1875), p^ 352. 
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l>eing immersed in water. The beam is then equipoised by a 
small sliding weight, clamped by a screw, working on the arm 
that bears the pans. The specimen is laid in the upper pan, and 
balanced by the addition of a light pan, into which sufficient 
sand is thrown, suspended from the point corresponding to A in 
Ooates's instrument. The specimen is now transferred to the 
lower pan, and the balancing-pan is slid inwards, care being 
taken not to disturb the sand. The reading now made gives 
the specific gravity without calculation, the graduation being on 
the plan employed by Ooates. 

One merit of this instrument is that fragmentary materials 
•can be determined, as no suspending thread is required ; but in 
practice it is probable that the results obtained by it are not 
superior to those given by Walker's balance, while it is more 
complicated in construction. 

Prof. Jolly's spring-balance or Federwage is, however, simple 
and yields excellent results. A long brass spiral spring, which 
may be exchanged for one of greater delicacy if the specimen ia 
exceptionally small, is hung from a sliding rod, set in a pedestal 
some 3 feet high. One end of the spring may thus be brought 
6 feet above the table. The base of the instrument is pierced 
by three levelling-screws, and a long slip of looking-glass, with 
even graduations marked on it, is let into the £Bioe of the 
pedestal. Two light pans are hung, one below the other, from 
a wire hooked to the lower end of the spring, and on the wire is 
fixed a little bead, acting as an index. 

The lower pan is sunk well in a tumbler of water, the support 
of which can be slid up and down the pedestal ; and the sliding- 
rod is carried so high that the pans come to rest somewhere 
opposite the upper divisions on the graduated mirror. Looking 
along the top of the index-bead until it appears to coincide with 
its image in the mirror, the position of rest, a, of the spring is 
noted, in terms of the fine graduations used. It will be seen 
that this reading corresponds to the determination of the sink- 
ing-weight of the arseometer, only in this case the figure will 
vary according to the adjustment of the spring at starting. 

Place the specimen in the upper pan, having previously drawn 
the tumbler to a lower position to avoid the wetting of both 
pans. Readjust the tumbler until the pans swing freely and as 
much of the lower suspending- wire is immersed as before. Take 
a second reading, b ; then b - a ^ w, the value in air. 

Transfer the specimen to the lower pan, and readjust. The 

new reading, e, will be less than b, and G ^t • 

— c 
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Though noc so suitable for travellers, this makes an admirable* 
laboratury-instrument,* andi the readings being merely propor- 
tional, the utility of the spring as a weight-measurer is not 
affected by expansion due to change of climate. 

We must conclude the present section with an account of the 
use of dense liquids in determining the specific gravity of mineral 
particles. K a solution of known density is to hand, and a 
specimen, though it has been completely freed from bubbles, 
floats upon the surface, while others sink with more or leas 
rapidity, some idea of their relative specific gravities may be 
obtained. 

Further, if the liquid is diluted until a particular specimen 
swims about in it and remains sluggishly wherever it is placed, 
the liquid and the mineral will be of the^ same specific gravity. 

That of the liquid may be determined by throwing in a 
series of specimens already determined, until one is found 
that will neither float nor sink to the bottom ; or by 
suspending a weight from a chemical or Jolly's balance, 
and comparing the readings given when it is immersed in 
water and in the liquid respectively. Pro£ Sollas (*' Gran- 
ites of Leinster,'' Trcmsactians of the Royal Iriah Academy^ 
vol. zxix., 1891, p. 430) has even employed a minute hydro- 
meter. 

This method of determining specific gravities, which can be 
used even in the case of very small specimens, was brought into 
prominence by Mr. E. Sonstadtt as recently as 1874, and has 
since been largely utilised. 

Sonstadt's solution consists of a saturated solution of potassium 
iodide in water, in which is stirred up as much mercuric iodide 
as it will dissolve. *' It will then dissolve more iodide of potas- 
sium, then more mercuric iodide, and so forth. The iodides dis- 
solve very slowly at the last, uid as it is best not to accelerate 
the solution by the application of heat, considerable time must 
be allowed when a liquid of maximum strength is required. 
The solution, after filtering, is fit for use. ... It may be 
diluted to any extent, and then concentrated by heat, without 
injury." The maximum density obtainable flsJls just short of 3*2, 
and is about 3*17 in hot climates, these figures being higher than 
those first given by Sonstadt. 

In addition to its use in determining specific gravities, Son- 
stadt pointed out that his solution would serve to separate 

* Sopplied by Krantz, Rbeinisohes Mineralien-Contor, Bonn, at 87b. 
t ** Kew Method of taking Specific Oravitiet,'* Chemical New, vol. zzix.» 
p. 138. 
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mineral particles of one kind from others with which they might 
be mixed, as in the case of diamonds occarring in quartz sand. 
This application has been so far extended by Thoulet in France, 
and Gold Schmidt in Germany, that the solution has often been 
named after these workers instead of after its original dis- 
<;overer. 

Bohrbach's * solution of iodide of mercury and iodide of barium 
has a density as high as 3*588, but decomposes on addition of 
water, and must be reduced to the density required by a specially 
prepared dilute solution. Neither of the foregoing liquids are 
satis&ctory for the traveller, or even for laboratory use, on 
account of their dangerously corrosive and poisonous character. 
They have been largely superseded by the solution of borotung- 
state of cadmium, first prepared by D. Klein,f and now very 
widely used. This is also a pale yellow liquid, with a density 
of 3*28 ; it can be diluted with water and again concentrated by 
heating over a water-bath until a hornblende crystal just floats 
upon the sur£Bkce. Any overheating will cause the salt to 
-crystallise out on cooling down, when a fresh dilution will be 
necessary. Though poisonous, the borotungstate is not irritant 
like the mercury solutions; it can be carried about in a stoppered 
bottle in the solid state, and dissolved in distilled water when 
required. A few ready-made solutions of known density, kept 
-carefully stoppered, will be very useful in the discrimination of 
gems. The only objections to this liquid are that it decomposes 
-carbonates, so that specimens before use should be treated with 
a mild acid; and that it tends to crystallise readily upon the 
stoppers of bottles or the glass rods used in stirring. The rods 
and vessels used should always be washed with distilled water, 
the resulting very dilute solutions being kept together in a bottle, 
to be concentrated by evaporation when time allows. 

Another liquid that is of great utility has been broughj; for- 
ward by R. £rauDs.| He uses methylene iodide, which must 
be diluted with benzene and not with either water or alcohol, 
■and which, to preserve its pale straw-colour and transparency, 
must be kept as much as possible from the light. When it has 
become darkened, as must eventually happen, the colour can be 
restored by putting a few globules of mercury into the bottle and 

* Neuea JahHmchfOr Mineralogie, dkc, 1883, P. 186. 

t Comptes Rendiu, tome 93 ; Aogiut 8, 1881. The solution, at mazimiim 
density, ib sold by Marquart, of Bonn, at about £3 per kilogramme. On its 
manufacture, see W. Edwards, Oeol, Mag,, 1891, p. 273. 

: Neues JaJtrhuchfUr MineroUogie, <bc, 1886, ii. Band, p. 72. The liquid 
is sold by chemical dealers at about 4s. per oz., three or four ounces being 
a fair quantity to begin with. 
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•baking the whole together for a few minutes. This liquid, from 
its not cryttallising when ooncentrated by evaporation, is yery 
•clean and agreeable to use, but does not seem so adapted for. 
researches made beyond the reach of laboratories as does the 
borotnnffstate of cadmtnm solution. Methylene iodide can be 
prepared of a density of 3*33, which gives it a fnrther advantage 
•over all but Rohrbach's solution. 

J. W. Betgers has shown how methylene iodide can be raised 
to a density of 3*65 by dissolving iodoform in it and afterwards 
iodina* He utilises tor the extraction of mtile, Ac, from other 
heavy minerals various nitrates, which become liquid at about 
70* C., and are as dense as 5*0 (see p. 120). 

Herr W. Mut.hmannf proposes the use of acetylene tetra- 
br jmide, and shows how it may be very cheaply prepared. It is 
•diluted with benzene, or, as Mr. 0. R. Lindley informs me, still 
more conveniently with petroleum spirit, known commercially 
as 'Meodorised benzena** Its maximum density is 3*01. 

It will be seen that the dense liquids named will serve, by 
proper dilution, to determine the specific gravity of most of the 
rock-forming minerals, though they mostly fail to discriminate 
between garnet and ruby, topaz and diamond, Ac. It may be 
noted, however, that beryl will float easily in a solution in which 
green tourmaline sinks, while the great mass of gems can be 
divided off by similar observations from quartz and other worth- 
less matter. The specimens tested should be examined with 
a high-power pocket-lens or a microscope in order that their 
purity may be guaranteed ; and it is obvious that abundance of 
enclosures, solid or fluid, will seriously affect the results. But 
in practice even closely-allied felspars can be distinguished as to 
speisific gravity by this method, which has become of increasing 
value with the researches of each successive year. 

Undoubtedly the happiest development of the method has 
been the difiuaion-oolnmn invented by Prof. Sollas.| A small 
test-tube, say i inch in diameter, is half filled with the liquid at 
its maximum density ; water or benzene, according to the dense 
liquid used, is then poured on the top, no special care being 
necessary. The tube is set aside for twelve hours or so, by 
which time a column will have been produced by diffusion, the 
density of which increases regularly downwards. Indexes are 

* Neties Jahfb. fOr Min., fto., 1889, ii. Band, p. 185; also Mm. Mag., 
voL K. (1890), p. 46. 

t ZeUachrift/ar KryaUxOoffraphie, Bd. xxx. (1899), p. 73. 

t Nature, voL zliii. (1891), p. 404; and T. D. La Touohe, ibid., voL 
iiii, p. 199 ; also ibid., voL zliz., p. 211. 
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dropped into this, either in the form of mineral fragments or 
known specific gravity, or of glass beads the latter, in coloured 
.varieties, have a considerable range, and may have their densities 
determined in a diffusion-column side by side with known 
mineral indexes. These indexes, beads being the most con- 
venient, float in the diffusion-column at levels corresponding to- 
their specific gravities ; hence the density of any mineral firag- 
ment dropped into a column may be found by measuring off the 
distance bietween two known indexes which lie respectively 
above and below it, and also measuring the distance of the 
mineral from one or other index. The matter is merely one of 
simple proportion, and the same column can be used for many 
fragments, and in experiments extending over several days. 
Mr. La Touche has devised an accurate mode of measurement, 
by drawing a thread horizontally across both a graduated mirror 
at the side of the tube and the tube itself; this thread is carried 
by a sliding piece of metal, fitting round the wooden support in 
which the test-tube is fixed. The graduated mirror is fixed verti- 
cally on the support at one side of the tube, and the position of any 
object in the liquid is read off by making the thread coincide with 
the centre of gravity of the object, the reading being given by the 
division cut by the thread when the eye views it as coincident 
with its reflection in the mirror. The note in Naht/re referred to 
contains figures which will show the details of construction. In 
many cases a millimetre-scale, held by the hand against the side 
of the tube, will sufBce as a means of measurement. 

Prof. Sollas points out that even gelatinous precipitates, if 
left long enough in the liquid, will lose their water and will 
sink to their proper level. 



CHAPTER IV. 

SIMPLE TESTS WITH WET REAGENTS. 

The test of solubility in water may be important in agriculture, 
where mineral salts of potassium are applied to the land. The- 
taste of some minerals, as rock-salt, nitre, <kc., is characteristic. 

The test of solubility in acids has been very freely applied to 
minerals, though with results varying; according;: to the strengths 
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of the add, the temperature employed, and the time allowed tor 
the attack. Hydrochloric and sulpharic adds are those most 
commonly required; nitric acid may be uBefnl if to hand. 
Various forms of stoppered bottles endosed in cases with screw- 
caps have been devised to meet the requirements of the traveller. 
It is well not to keep a small sulpharic add bottle too well filled, 
on account of the highly hygroscopic character of the liquid. 
Any neglect or defect in stoppering will allow it to take up 
water and overflow if left out of use for any length of time. 

The mineral to be tested should be rouffhly powdered and 
placed in a small test-tube, a few drops of add being poured 
upon it. Water should be added, since solution does not always 
take place in the concentrated acid. The results may be noted 
both in cold add and after boiling. In all cases the time of 
immersion in the add and the other conditions of the experiment 
should be noted where comparison is desired. As these &cts are 
rarely stated in books on mineralogy, typical and known 
specimens should be compared with the doubtful one under the 
same conditions. Should complete solution take place, further 
qualitative tests may be applied. Ammonia, which is often 
carried by travellers, will thus serve to precipitate alumina and 
iron from solution in hydrochloric add ; and a number of other 
reactions will readily suggest themselves. 

Some silicates are decomposed by boiling in hydrochloric acid, 
particularly those that are hydrated or with a low percentage of 
silica. The silica separates either in a powdery or a gelatinous 
condition, the jelly of silicic hydrate being often well seen after 
partial evaporation and cooling of the liquid. The mass clings 
to the test-tube, but may be removed by boiling with a strong 
solution of sodium carbonate. 

Qood examples for observing this gelatinisation are natrolite, 
nepheline (or eleolite), wollastonite, and ilvaite. The great ma- 
jority of olivine crystals also gelatinise easily, and may be thus 
distingmshed from pale pyroxenes, which are not decomposed. 

But it must be remembered that the nreater number of natural 
silicates are not decomposed by adds. In such cases it is neces- 
sary to fuse the powder for some time with sodium carbonate in 
a platinum spoon, on platinum foil, or, less conveniently, on 
eharooal, and to treat the resulting mass with water and hydro- 
chloric add in a dish or test-tube. The silica now separates out, 
while the bases go into solution. To extract the whole of the 
silica, the mixture must be evaporated to dryness, lumps being 
broken up with a rod or spatula, at a temperature somewhat 
above 100^, overheating being liable to cause recombination. 

3 
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Again add hydrochloric acid and water, and heat ; the silica can 
now be filtered off, and the bases in the solution are ready for 
any further experiments. 

The commonest and most important use to which acids are 
put by the geologist is, however, in the examination of carbonates. 
A free effervescence occurs, carbonic anhydride being given o€^ 
when a carbonate ia placed in hydrochloric acid. The acid 
should be slightly diluted, and in many cases must be heated 
before the reaction will take place. Sulphides of certain metals, 
as zinc, lead, and iron, are decomposed similarly with evolution 
of bubbles of sulphuretted hydrogen ; but, provided the mineral 
examined be itself free from included sulphides, there is little 
danger of any confusion being caused. The smell of the sol- 
phuretted hydrogen is, moreover, noticeable, even among the 
fumes of the hot acid. 

The use of the acid-bottle in the field itself is very limited, 
owing to the occurrence of dolomite and other carbonates which 
do not effervesce until heated. Thus the rough and ready test 
of putting a drop of add directly upon the mineral or rock is of 
service in indicating calcite, but by no means decides that the 
substance is not a carbonate when no effervescence is obtained. 
Heating in the test-tube is the only sure method ; a few granules 
of the substance, a small tube, a match or so, and the acid-bottle, 
being all the apparatus requiied. The occurrence of dolomite is 
often overlooked, and some hard dolomites have even been re- 
garded as quartzites on account of their non-effervescence in cold 
acid. 

In 1877 Dr. H. Carrington Bolton read a paper urging the 
use of organic adds in the examination of minerals,* and in this 
and subsequent publications he has described a series of very 
successful experiments, showing that in particular citric, tartaric, 
and oxalic acids effect decompositions for which hydrochloric 
acid has generally been thought necessary. Citric acid may 
thus be carried about in a solid form, a saturated solution in 
cold water may be made at any time, and the ordinary tests for 
the presence of carbonic anhydride, or sulphur in certain sul- 
phides, may be performed with this, hot or cold, in a test-tube. 
Some silicates are decomposable, with or without gelatinisation, 
and in many cases the solution does not require to be heated. 
Ordinarily a rather longer time must be allowed for the action 
of the add than is the case with hydrochloric acid. 

* '* Application of Organic Acida to the Examination of Minerals, " 
Annals New York Acad, of Sciences, voL i. (1879), p. 1. See for this and 
later work Chemical News, vols, xxxvi, xxxvii., and yH" 
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Dr. Bolton has tabulated his results with dtrio acid, which is 
the most useful reagent;* he employs also a boiling solution of 
-citric acid to which sodium nitrate is added, and imitates the 
reactions of hydrochloric acid by introducing iodine in the form 
-of potassium iodide, which lb decomposed by the hot citric add. t 
The value of these results obviously consists in the fact that the 
reagents are solid, and are dissolved only as required. 

From the series of minerals examined we may quote the 
following : — 



Decomposed in Fink Powdeb bt a Satubatbd Solution 

09 Citric Acid. 

A. WUhatU evolution o/ga§, — Brucite (cold solution). Gypsum 
^on boiling). 

B. With evohUion of ectrbonie anhydride, — Oaloite and ara- 
^onite easily in cold solution; dolomite and ankerite fiur less 
easily; chalybite and magnesite only on boiling. It must be 
jioted in testing for carbonates with hot citric acid that the 
oxides of manganese fhausmannite, pjrrolusite, manganite, psilo- 
melane, and wad) evolve carbonic anhydride by decomposition of 
the dtric add; but the character of these minerals is not likely 
to allow of confusion with carbonates. 

C. With evolution of siUphuretted hydrogen. — Gkdena, zinc- 
blende, and pvrrhotine, in cold solution. Iron pyrites resists 
until boiled with citric add and sodium nitrate, when it readily 
-decomposes, whether in the cubic or rhombic (marcasite) form. 
Copper pyrites requires similar treatment. 

D. With separation of atUca. — Nepheline, analcime, stilbite, 
4uid wollastonite yield mlica in a cold solution (long standing is 
desirable), becoming partially decomposed; natrolite and hemi- 
morphite are decomposed with gelatinisation. Serpentine and 
ilvaite are decomposed only on boiling, without gelatinisation. 

Olivine, augite, epidote, almandine, and hornblende (slightly) 
have been decomposed by boiling the solution and adding potas- 
^um iodide. 

E. Among the minerale that are not decomposed by the above 
attacks, we may quote diopside^ asbestos, zircon, idocrase, zoisite, 
the micas, leudte, sphene, talc, the felspars, barytes, celestine^ 
iind anhydrite. 

* Chemical News, vol. xliiL (1881), p. 40. 

t See also Chem, News, voL zxzviii. (1878), p. 160. 
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In testing for ordinary limestones in the field itself we find 
that a little of the powdered citric add may be shaken from a 
tube upon the rock-sor&ce ; an area about an eighth of an inch 
square is ample for the purpose, though of course the test should 
be applied to different portions of the same mass. The addition 
of a drop of water produces almost immediate effervescenoe if 
the material is truly calcite. The bubbles formed can be 
observed with the lens or the eye alone. In the case of loose 
friable rocks such as chalk the reaction is yery brisk ; but with 
crystalline marbles a minute or so should be allowed. It is 
dear that in rough hill- work it is better to carry a flask of water 
and the dry dtric add than to risk the fracture of a bottle of 
hydrochloric acid in the pocket. 

Just as, by the aid of the blowpipe, the geologist is accustomed 
to perform many qualitatiye operations with a very limited 
supply of material, so a number of wet reactions fEimiliar to the 
chemist may be repeated upon quite a microscopic scale. Thus- 
the examination for phosphoric acid in apatite can easily be 
carried out « by placing a particle of the mineral upon a glass slip 
and dropping upon it a little of the nitric add solution <^ 
ammonium molybdate. In a few minutes the characteristic yellow 
crystalline precipitate will have formed as a ring at a little 
distance fr^m the granule.'^ 

Decomposable compounds of caldum may be similarly treated 
with hydrochloric add upon a microscopic slide ; the addition of 
a drop of sulphuric add to the solution throws down crystals of 
gypsum in nidial bunches or still more characteristic forms, 
which can be examined at once under the microscope. Ificro- 
chemistiy has, indeed, become a special study, and will greatly 
facilitate the determination of the minute fragments with which 
a geologist is often called upon to deal. But for detailed accounts- 
of the various methods put forward, the student may best refer 
to A Manual of MicrocIiemiccU Analysti, by Prof U. Behrens, 
with historical introduction and references to previous literature, 
by Prof. Judd (MacmiUan <b Co., 1894). Many of the processes 
are rendered more difficult than would at first appear by the 
great care that must be taken as to the purity of the reagenta 
used. 

* It must be remwnbered that arsenates give a siaiilar reaotioii. 
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CHAPTER V. 

BZAMIKATIOK 09 MIHBRAL8 WITH THl BLOWPIPE. 

L Apparatus and Reagents. 

No geologist oan consider himself equipped for determinative 
obserrfttioiis until he has systematicallj examined a series of 
t3rpical minerals with the blowpipe and with associated tests. 
The instruments and reagents required are few and simple, and 
may be had from chemical dealers packed into boxes of very 
moderate size. For purely qualitative determinations, such as 
are here described, the following apparatus will probably be 
found sufficient : — 

A. Apparatus. 

Blowpipa — ^Black's form in brass, with its conical tube, or 
preferably Plattner's, in which the parts are usuaUy better 
made ; both are convenient instruments. Some workers prefer 
an expanded mouthpiece to the ordinary tubular one of bone ; 
but this is much a matter of opinion. The nozzle is far more 
important than the mouthpiece, and its aperture should be 
clcAnly circular and not too large. As sold, this generally 
requires adjustment. The end of the nozzle, whether brass or 
platinum, should be sli|phtly hammered over, so as to contract 
the aperture ; this should again be enlarged by thrusting a large 
pin or needle through it, anv metal projecting outwards being 
removed with a file. Examine with the lens, and repeat the 
operation until a perfectly circular opening is produced. The 
size may vary with individual requirements, but probably few 
workers will need an aperture larger than this dot ( • ). 

A platinum nozzle, costing about three shillings extra, may be 
added to any blowpipe, and, besides being dean, can never cause 
colouration in the flame. 
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Lamps. — Blowpipe-lamps are so convenient, being anencum- 
bered with tabes or taps, that the use of gas in such work is a. 
very questionable luxury. Where, however, gas is obtainable, 
the ordinary Bunsen-bumer serves all purposes. The air being 
admitted below, it provides a clean flame for the heating of glass 
tubes and for observing the colouration due to volatile oxides ;. 
with the air-holes closed, and the flame reduced to about 1^ 
inches in height, it gives a luminous cone that can easily be 
manipulated by the blowpipe. 

A brass tube, flattened at the top and cut off obliquely 
(fig. 6), should be dropped into the ordinary Bunsen-tube from 
above, preventing the access of air by surrounding th& 
jet where the gas enters, and at the same time giving a 
flattened flame above, the blowpipe being directed along^ 
the slit-like opening. 

Where gas cannot be had, any simple spirit-lamp, or 
the colourless blowpipe -flame, will serve for boiling 
specimens in acid, &c. The blowpipe-lamp may bum. 
oil, and be provided with a screw-cap for travelling. 
The wick should be flat. A small-sized cyclist's head- 
lamp is not unsuitable, as, in its ordinary case, it can, 
be kept upright and utilised as a lantern. Olive or 
refined cobsa oil is recommended for blowpipe work. 
Yig, s. By far the best lamps, however, where space is limited 
and things have to be easily stowed away, are those 
filled with grease or solid paraffin. A little cylindrical box of 
tin has a wick-holder soldered on one side, through which a 
flattened wick is drawn. The box is then filled by melting down 
old candle-ends, or in any other convenient way according to the 
materials available. When brought into use, the wick is lighted 
and the flame directed with the blowpipe upon the surfieu^ of the 
solid tallow, until this is melted to a depth of about a quarter of 
an inch. The lamp will then become hot enough during use for 
a continuous supply to be maintained ; but it is still better Uy 
hold the lamp with the pliers over the spirit-lamp until all 
the contents become fluid. When about half or three-quartera 
empty, it is well to drop in extra lumps of fuel — a single candle- 
end or so— during use, and this additional material becomes 
melted up slowly with the rest. The wick must be freely 
supplied with fluid friel, or it will char and waste away. If the 
lamp is kept sufficiently hot, the wick will not require raising 
during a day's work ; but it can easily be thrust up with a knife- 
point after the flame has been at work for a few minutes. 

A cylindrical cap fits down upon the lamp when put aside^ 
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ftnd serves also as a stand for it^ a little stop projecting from the 
side of the lamp and catching on the edge of 
the inTerted ooTer (fiff. 7).* More elaborate 
forms of lamp upon the same principle have 
been oonstmcted bj yarions makers. 

In the matter of combnstibleSy Mr. Attwood 
makes a valoable snggestion {Practical Blowpipe 
Assaying^ p. 7) : — ^^n some oountries — ^the 
interior of South America, for instance- 
alcohol cannot be procured except at a great 

cost; bnt as crude spirits made from sugar- 

cane, ^bc, are generally plentiful in such places, Fig. 7. 

thej afford the explorer a good substitute for 
alcohol as well as oil, owing to the presence of more carbon than 
pure alcohol contains. The spirits, no wever, contain some water; 
and after the fuel is about one-half consumed it is best to empty 
the lamp and fill again with fresh spirits." t 

Platinum ^f^re. — Twelve inches or so of wire should be kept 
on hand if much work is undertaken, as it is liable to suffer from 
the formation of fusible alloys. It should not be so thin as to 

tremble in the hand, nor yet thicker than this line , so 

that it may not conduct away the heat too freely from an assay 
supported on it. One end may be twisted round in a coil to 
serve as a handle, or pieces 5 centimetres or so long may be 
fused into handles made of glass rod. 

A strip or two of platinum foil, 5 centimetres by 2, may be at 
times useful as a support during fusions ; and a n>oon of the 
same metal, like a tiny crucible, which can be held in the for- 
ceps by a projecting tongue, forms a handy accessory, though a 
luxury. If l^e platinum, after use, does not become cleaned by 
hot water or acid, a little bisulphate of potash should be fused 
upon it, and dissolved off in hot water, leaving a perfectly clean 

Charcoal. — This is used as a support for assays and as a reagent 
for their reduction. K ordinary charred wood is used, it should 
be cut into convenient prisms some 10 centimetres long, with a 
section 5 cm. square. It should give little ash, and should not 
be liable to split and crack suddenly during heating. Pine wood 
is preferred. The best supports are made by rubbing up finely- 
powdered charcoal in a mortar with fairly thin starch paste, 
made with boiling water, until a stiff mass results. This can be 
moulded before drying into any suitable shape. The support, 

*ThiB sixnple lamp is eupplied with the blowpipe -cabineta of J. T. 
Letcher, TH St. James's Walk, Clerkenwell Green, Xondon, and is sold by 
him separately for lOd. 

t BsceUeot work oan be done with an ordinary candle, eepeoially if the 
flame is directed horieootally, and not down upon the tallow. 
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when dry, is heated just to redness in a crucible, to char the 
starch cement. 

Gk>od blocks prepared in this waj, and of the size aboye given, 
can be purchased of chemical dealers. Small cup-like supports, 
which are sometimes called "pastilles,'* can be made by pressing 
the material with a round-ended stick into a basin-shaped hollow, 
about 2 cm. in diameter, cut in a block of wood. Plattner 
recommends that both the mould and stamp should be rubbed 
over with charcoal dust, and that a strip of paper be laid in the 
mould to Militate the removal of the cup when made. The 
little charcoals thus prepared can be easily dried and ignited, 
and can be supported in the flame on a ring of stout wire when 
Unally brought into use. Where, however, encrustations have 
to be looked for, forming at any distance from the assay, a pro- 
longation of the charcoal is required, on the cool sur&ce of 
which they may be deposited. Thus in the case of arsenic it is 
well to have several inches of charcoal beyond the point where 
the specimen is being heated. The long blocks already men- 
tioned are here of advantage ; but a support of unglazed porcelain 
is sometimes used, the " pastille ^ being placed in a depression 
at one end of its upper surface. This surface is smoked over by 
the flame of the lamp, and serves admirably to receive the 
encrustations. The great advantage of this method is that any 
reagents absorbed cannot contaminate the charcoal used in sub- 
sequent work. The little cup is thrown away when done with, 
and a clean one set in its plaice. Larger charcoals must be cut 
or tiled away until a reliably clean surface is restored. 

Boss's alnminiTun plate, 10 cm. by 5 cm., and 1 mm. thick, is 
also used as a support, the lower end being turned up at an angle 
of 80** to carry the little charcoal, and the longer puii receiving 
the sublimate. Many of the encrustations thus seen are £ir more 
vivid than on the surface of charcoal The plate can be cleaned 
with a wash-leather, bone-ash, and water.* 

Forceps. — ^A pair of steel forceps with platinum points is 
practically indispensable, so made as to be self-closing. A light 
pressure on the sides, at some distance from the heated end, 
should suffice to separate the points. Splinters are held in these 
when fusibility is being tested; but metallic-looking substances, 
or any suspected of containing arsenic, antimony, lead, zinc, or 
bismuth, should never be heated in the forceps, lest the platinum 
tips should become fused. Small glass tubes can generally be 
gripped by such forceps when placed behind the platinum points. 

Magnet. — Any small bar form. 

Anvil and Hammer, or Steel Grushing-Mortar. — A little square 

* I>r. Haanel has used plaster of Paris plates« the advantages of 
which are described on p. 66. 
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mnyfl of polished steel and a light steel hammer are required for 
breaking up minerals prior to the transference of the partides 
to the agate mortar for final grinding. A ojlindrical steel 
mortar with acouratelj fitting pestle is of course still more 
convenient; but most oases of difficulty are met by the 
arrangement supplied with Letcher's blowpipe-cabinets. The 
mineral fragment is laid upon the anvil; a little steel ring, 
about 7 miLUmetres deep, is placed round it, corresponding to 
the wall of the crushing-mortar ; and a cylindrical pestle, fitting 
into this, is hammered down upon it 

Agate ICortar and Pestle. — A good size is 5 cm. in diameter. 
The pestle may be mounted in a wooden handle, as the agate 
itself is likely to be small for the hand. 

Pliers. — Steel pliers are often useful for detaching fragments 
from specimens where the blow of a hammer would be disiwtrous. 
A cutting edge is also of value. 

File. — A small file, triangular in section, is required to out 
upghoB tubing and for certain observations on hardness. 

Glass Tubing. — ^This is sold by the pound, and should have a 
bore of about 5 millimetres. It should not yield too easily to 
the flame. It is cut up into pieces some 12 cm. long, by 
notching it with the file and then breaking it across. Some of 
these pieces are kept as open tubes. To make closed tubes, hold 
one end of an open tube in each hand, and bri^ the centre into 
a Bunsen-flame or that of a spirit-lamp. When this part is 
thoroughly softened by the heat, draw apart the two ends, and 
two hjjtlj regular closed tubes will result. The closed ends of 
these must not be knotty or thickened, or they will crack on 
being again brought into the flame. It is seldom worth while to 
spend much time in the elaboration of a bulb on a closed tube, 
since a heavy sublimate or the frision of the assay into the glass 
will render it useless for other experiments. 

Glass Bod. — A few pieces, of a size that will fit down into the 
tubing. The ends should be rounded in the Bunsen or blowpipe 
flame. 

Test-tubes. — ^Taste differs as to the size of these, but 1 cm. is 
an ample diameter. In the absence of a proper stand, they can 
always be kept upright in a gallipot or wide-mouthed bottle. 
They are used for tests with wet reagents. 

watch-glasses. — In the absence of these, circular palettes from 
a colour-box are useful. Reactions with wet reagents, where the 
behaviour of the mineral particle has to be observed, are often 
best conducted in these vessels. They serve also as clean 
receptacles for specimens and reagents that are set out for 
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immediate use. A cheap doable concave lens is rather an im- 
proTement upon the ordinary watch-glass, since it will stanci 
furmly, and either sur&ce can be used. 

Porcelain Dishes. — ^Two or three, about 3 cm. in diameter and 
fairly deep, made to resist heat. They should stand without 
sujiport, and are invaluable for treating minerals either in boiling 
or cold acid. For travelling they are far superior to beakers. 

Blue Glass. — Three 2-inch squares of cobalt glass, of differentr 
thicknesses, are required for observing some i9ame-colouration& 
A wooden block of sufficient height, with a groove at the top» 
will support the glass between the eye and the flame, and leav&- 
both hands of the operator free. 



B. Reagents. 

Borax. — Powdered crystals. 

Microcosmic Salt (hydrogen sodium ammonium phosphate). — 
Powdered crystals. These two dry reagents are used as fluzea 
on platinum wire, characteristic colours being imparted by many 
metallic oxides to the glass formed on fusioiL 

Carbonate of Soda. — Powdered orjrstals of the dry carbonate. 
They must be free from sulphur (see Sulphur test, p. 57). Used 
to effect fusions and reductions on charcoal, and as a test for^ 
manganese. 

Nitrate of Cobalt. — A solution of the crystals in 10 parts of^ 
water, kept in a stoppered bottle. Drops can be taken out with 
a glass rod or a tube drawn out as a pipette ; or a little glass ball> 
can be made, with a narrow neck. This bulb is heated and the- 
neck placed beneath the solution, a little of which enters ; on 
reheating, so as to convert the water present into steam, and 
again immersing the neck, the bulb becomes nearly filled. When 
held inverted in the hand, the air within expands and forces out 
the liquid in convenient drops (Brush, Del^m'^wn/aJtivQ MvMraJLogy). 

Hydrochloric Add. — Concentrated, in stoppered bottle. 

Sulphuric Acid. — Ooncentrated, in stoppered bottle. Dilution, 
must be performed carefullv, owing to the heat evolved. 

In use, a little of each of these acids must be poured out into- 
watch-glasses or beakers, since wires, &c., have to be dipped in 
them, and the main store in the bottle must be left absolutely 
uncontaminated. This precaution is very simple, but a warning; 
on the point is often necessary. 

Tin-foil. — Used to febcilitate many reductions, both in borax: 
and in hydrochloric acid. 
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Copper Wire (some workers nee cnpric oxide). — Used in 
testing lor chlorine, owing to its combination with the copper 
and the colour consequently imparted to the flame. 

The following reagents are less important : — 

PotaaBium B&olphate (KHSO4). — Powdered crystals in stop- 
pered boHla Used in some fusions. 

Fluor-spar. — Powdered. Mixed with the above in testing for 
boron in the flame, but of doubtful value. 

Magnesiillil. — ^The ordinary magnesium tape or wire. Used 
in testing for phosphorus. 

Potassium Iodide and Sulphur. — A mixture of equal parts. 
Used on charcoal in discriminating between the encrustations- 
due to lead and bismuth. 

Silver Chloride. — Used to intensify some flame-colourations. 

Gold. — In small beads. For deteimining nickel in presence of 
cobalt. 

Nitric Acid. — In stoppered bottle. 

Anunonium Molybdate. — Dissolved in ammonia and added Uy 
dilute nitric acid. Fresenius gives the proportions : — Ammonium 
molybdate, 10 grms. ; ammonia, sp. gr. '96, 40 cc. ; strong nitric 
acid, 80 oc ; water, 80 cc. For detection of phosphates. 

Bone-ash. — For use in cupellation (p. 56). 

Fuel for the lamps must not be neglected when travelling. 
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IL Blowpipe -Operations. 

A. PBODucmoN OF THE Blowpipr-Flamb. 

Distend the cheeks and breathe in and ont as usual by the- 
nose. Now place the blowpipe between the lips, or the trumpet 
mouthpiece against them. Some of the expired air will pass out 
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t>7 the tube, under pressure from the tension of the cheekSy and 
the remainder will pass out through the nose. At short inter- 
vals the cheeks must be re-distended in order to maintain the 
pressure. In this way a continuous blast can be kept up with- 
out interfering with the ordinary action of the lungs. Practice 
is all that is necessary ; most of the difficulties that at first occur 
are caused by the endeavour to force all the expired air out 
through the blowpipe instead of by its natural exit, and by 
allowing the cheeks to &11 in too &r, so that a sudden distension 
becomes necessary and the blast is momentarily checked. 

It is necessary in some reductions to maintain a blast for two 
to three minutes, but seldom longer, and, when the habit is 
once acquired, time makes little difference ; but saliva is apt to 
accumulate in the bottom of the blowpipe during long blowing, 
and the expanded part there must occasionally be emptied. In 
Fletcher's hot-blast blowpipe, where the tube bearing the 
nuzzle is coiled round so as to become heated ^bove it in the 
upper part of the flame, all moisture is converted into steam 
before it can reach the orifice. This form of blowpipe is par- 
ticularly adapted for effecting fusions and oxidations, but the 
hot sur£ftce of the tube is sometimes an inconvenience when laid 
upon the table. 

For persons whose breathing is in any way affected, a hand- 
bellows may be necessary, such as that made by Fletcher of 
Warrington, which is a reproduction in miniature of the well- 
known n>ot-bellow8, and gives a good continuous blast. But for 
travelling purposes and allowing the operator every delicacy of 
•control over the flame there is little doubt that the mouth- 
blowpipe is the best. 

When the blast can be produced without effort, place the 
nozzle just outside the flame of the lamp, directed along the 
wick or the slit-like orifice of the gas-burner, and almost resting 
upon it. The flame should be about 1^ inches high above the 
burner. Blowing somewhat gently, so as not to force in too 




Fig. 8. 

much air, the flame will be carried out sideways, preserving in 
part its luminous character. It may be broadly regarded, in 
fJBMst, as a luminous inner cone (a, fig. 8) surrounded by a thin 
envelope of more highly heated and oxidised matter. A body 
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placed well within a is oat offf from contact with the enter air, 
and yet^ if brought near the point, becomes highly heated. Th& 
result is its reduetion^ the glowing carbon by which it is sur- 
rounded largely assisting in the removal of any oxygen it may 
contain, althou^ the heat must be sufBcient to prevent the- 
deposition of soot upon it. The flame thus produced is the 
Reducing Flame, designated by long tradition by the letters B. F. 

Next place the nossle some littie distance inside the lamp- 
flame and blow more strongly. The luminous cone is shortened 
and almost disappears, enough air being supplied to effect the- 
oxidation of the glowing carlx^n compounds. The outer envelope 
now assumes importance, forming a long almost invisible cone 
(h. fig. 8), which is the Oxidising Flame, or 0. F. A body placed 
at the point of this, or, if the heat is sufficiently strong, out 
beyond its visible termination, becomes heated in contact with 
the air, and consequently takes up oxygen according to its 
affinities. The flame must be hot enough to dissociate most 
sulphides, which become thus converted into oxides. Such a 
process is known as ** roasting." * 

If mere heat is required, as in the determination of fusibility, 
the nozsle is placed as in the production of the oxidising flame^ 
but the substance is held inside the blue point of the visible 
flame, since here the highest temperature occurs. This position 
may be styled the Fnsion-place (below the 6 in fig. 8). 



R Obsbrvatioh of Fusibilitt. 

The ease with which a substance fuses must depend greatly^ 
on the strength of flame employed and on the skill of the 
operator, as well as on the size of the fragment employed. Hence 
it is necessary for each worker to be in the habit of using 
splinters of similar size and shape, comparison being then possible 
between the results gained by himself from different substances. 
The product, after heating, must always be examined with the 
lens, and any change of colour, transparency, <bc., also noted. 
For most purposes, the following broad observations and state- 
ments suffice: — (a.) Fusible in the unaided flame of the lamp in 
fidrly lai^e (or small) fragments ; (6.) fusible before the blowpipe 
(6 B) with easy formation of a globule ; {c.) fusible h B with easy^ 
rounding of the edges ; (d) fusible 6 B in splinters only ; (e.> 

* To test the B. F. a borax bead strongly ooloored with mmnganese- 
shonld be rendered oolonrless; in a good 0. F. a borax bead oontaining 
maoh molybdenam should also beoome oolourless (see p. Ol)* 
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fusible 6B on the edges of thin splinters only; {/,) infusible 
Jb B, even after prolonged heating. The specimens are held in 
the flame in the platinum forceps or in a tiny loop of platinum 
wire, through which a wedge-shaped splinter may be slung. 
The fusion-place is used. To fJEusilitate comparison with typical 
minerals, von Kobell proposed the well-known Scale of r\isi- 
1)ility. The six degrees are formed by : — 

1. Antimonite (the most easily fusible member of the scale). 

2. Natrolite. 

3. Almandine (common) Garnet. 

4. Actinolite. 

5. Orthoclase. 

6. Bronzite. 

A good blowpipe-flame should fuse the tips of thin splinters 
-of bronzite into tiny globules. Degrees 1, 2, and 3 correspond 
respectively to the verbal descriptions a, h, and c, given above ; 
4 and 6 tod; and 6 to 0. 

Dr. Joly, working with his beautiful "meldometer," has criti- 
cised this scale when applied to powdered minerals ; and it no 
doubt stands in the same position as the scale of hardness, with 
its highly irregular intervals {Proe, R, Irish Acad., ser. 3, 
vol. ii., p. 39). 

It must be remembered that the substances styled by the 
mineralogist infusible are mostly fusible with ease in the flame 
of the oxyhydrogen blowpipe. 

H. B. de Saussure * made a number of determinations, nearly 
a century ago, of the fusibility of minerals in minute grains. 
As a support he used a little splinter of the infusible mineral 
kyanite, which was fixed in a glass tube by fusion of the latter. 
He moistened the fibrous end of this splinter with saliva or 
slightly gummy water, and picked up several granules to be 
tested at a time, since some would be apt to fly off at first con- 
tact with the flame. He examined the product of fusion with 
the microscope, and claims to have fused a fragment of rock- 
crystal '005 of a line in diameter and *06 of a line long by the 
use of a stout candle and a blowpipe supplied with ordinary air. 
He compared the diameters of Uie globules that he could pro- 
duce by the fusion of various minerals and of the members of 
Wedgwood's pyrometric scale, being driven to these minute 
experiments by the dearness of combustibles in his city. Find- 
ing that some bodies, such as calcite, gypsum, and fluor-spar, 
acted on and destroyed the kyanite, he supported these on a 

* *' Nouvelles recherohes snr Vnsage du ohalumeau dans la Mindralogiey* 
^oum. de PhyHgue, t. xlv. (1794), p. 3. 
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splinter broken from the specimen under examination. He 
proposed, howeyer, to study the interaction of one mineral on 
another by using a support of the one and a granule of the other. 
Oordier subsequently utilised this method by fusing two grains 
of different kinds placed in contact on the kyanite Bupf)ort 

Though the elaborate detail with which the comparisons of 
De Saussure were carried out proved an obstacle to the deyelop- 
ment of his method, Oordier speaks very highly of it as a means 
of studying small isolated grains. We rdSsr to it here as an 
example of the practice of the earlier observers, and as an 
encouragement to those who may regard the possession of 
platinum wire and a Bunsen-bumer as a necessity rather than 
■as a luxury in determinative work. 



0. Obssbvatiov op Flamb-Colouration. 

Many volatile substances impart characteristic colours to the 
^ame. The observation should be coupled with that of fusi- 
bility, but a negative result is not conclusive. Should no colour 
be thus seen, the splinter, or its powder ou a moistened wire, 
should be dipped in a drop of hydrochloric acid specially placed 
out for this purpose, and again be introduced into the flame. 
The volatile and decomposable character of the chlorides thus 
formed often reveals the presence of a metal (0.^., barium) that 
might otherwise remain undetected throughout the analysis. 

Compounds of phosphorus and boron are best treated with 
sulphuric acid. 

Silver chloride, mixed with the powder of the specimen, is 
useful to intensify some reactions, notably those of copper com- 
pounds, the blue flame due to copper chloride becoming at once 
apparent. 

Gypsum may similarly be used with certain silicates, which 
become decomposed when heated with it, the metals present 
being rendered volatile in the form of sulphates. 

Often the assay must be held just in the edge of the flame, 
and not brought too &r within it. The colouration is sometimes 
transient^ sometimes inteusifled upon long heating or fusion. 
Probably the correct appreciation of flame-reactions is the most 
difficult, though frequently the most useful, division of blowpipe- 
work. When a Bunsen-bumer is used, the colours are better 
seen, the assay being held on platinum wire or in the forceps 
near the base of the flame and at its margin. Often a little of 
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the powder scattered through the flame gives an unmistakable 
reaction. 

PrecatUiana. — ^A black background, such as a charcoal block 
or a book-cover, should be used, lest faint-green and blue coloura- 
tions should be overlooked. 

The forceps or wire must give no colour when held alone in 
the flame. They can be cleaned by dipping in hydrochloric acid 
and heating until they have no effect on the flame. 

The acids used must give no colour, beyond, perhaps, the 
transient yellow of sodium, which is scarcely to be avoided. 
The wire must never be dipped into the acid-bottle, but dropa 
must be set out for use. 

When a Bunsen-burner is used, the table must not be jarred 
nor the brass tube touched or disturbed, since the large surface 
of the flame at once becomes coloured by foreign bodies thus 
projected into it. 

The flame-colourations to be looked for are as follows — ^those 
given by rare substances being omitted as foreign to the practical 
purpose of this book. The metal indicated by the reaction is 
given in italics after each : — 

Crimson, approaching Purple. Lithium. — ^Appears when the 
assay is on the very margin of the flama 

Crimson, of Yellower Tinge. Strontiunk 

Bed to Tellow-Red. Calciwn, — Often similar to that of stron- 
tium, other tests distinguishing the compounds of these metaLs. 

Yellow. Sodiwn, — So prevalent that a strong persistent flame 
can alone be regarded as satisfactory evidence of its presence aa 
an essential constituent of the assay. 

Tellow-Green. Ba/rimn or Molybdenu^n, 

Bright Emerald Green. Copper, — A blue inner flame Appears 
when hydrochloric add has been used. 

Bright Green. Boron, — ^Appears when the assay is on the 
very margin of the flame. Sulphuric acid must be used. Borax 
is a good example. 

Dull Green, inconspicuous. Phosphorus, — Sulphuric acid should 
be used, and the flame carefully observed on the entrance of the 
assay. 

Bluiflh-Green. AnUmony (often smoky). TtihMriu/m (rare). 
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Bhie. Lead, Selenium (rare), or Copper Chloride. — The last 
gives the green of the oxide bejona and round it. (See 
•« Chlorine," p. 61.) 

Light Bine, smoky. Areenic 

l^oleL Fotaeeium. — This flame is yerj easily masked by 
sodinm, and entails in most oaaes the use of the blue glass. 
Where potassium is suspected, a blue glass, or a combination cf 
glasses, is selected, that will out off the purple tints given by a 
strong sodium flame, such as can be made for trial with sodium 
earbonate. The glasses commonly supplied are far too thin; 
5 mm. is a good thickness. The glass is then held between the 
eye and the flame that is to be tested, and the reddish-violet 
tinge dne to potassium may be observed through it, particularly 
when the assay has become thoroughly heated. It lithium is 
also present^ the colouration due to it may be transmitted, but 
can be cut off by a comparatively small thickness of blue glass. 
In ordinary work no confusion is likely to result, potassium 
being £ftr more prominent in the minerals commonly met with 
by geologists. For the intensification of potassium flames by 
gypsum or sodium oarbanate, see pp. 83, 85. 

Finally, some minerab may give double flames, as pyromor- 
phite, which shows a blue flame surrounded by a green envelope ; 
or borax, which reveals sodium when heated alone, and the green 
of boron with sulphuric acid. 

D. Rbaotiovs ih Bbads of Bobax. 

Shake out a little borax into a watch-glass. Bend one end of 
a clean platinum wire into a small loop not larger than this, O, 
heat it^ and dip it in the borax, some of which will fuse and 
adhere to it. On further heating, the borax will swell up, fuse, 
and settle down on the loop as a clear globule. Let this cool 
and hold it up to the li^t ; if any colouration is visible in the 
bead thus made, the wire must have been insufficiently cleaned. 
A light blow between the hammer and anvil will break out the 
beaa ; a new one must be formed and shaken off when hot, 
probably carrying with it any residual impurities. The third 
bead now made will be perfectly colourless. 

After inspecting the bead, fbse it again and take up a small 
quantity of the powdered assay, by touching it with the hot bead. 
Heat in the oxidising flame in full contact with the air for about 
the time occupied in counting fifty distinctly ; then remove it 
and hold it up to the light Note, after the first red glow has 
gone o£^ any colour while hot, and whether any change takes 

4 
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place on cooling. Write the result on paper for reference as the 
reactions accumulate. 

Now place the same bead in the reducing flame and heat for 
at least as long a time. The practice of silently oounting during 
such operations is a useful one, as ensuring a fair similarity of 
conditions in examining different substances, and as a check to 
careless hurry. The results when hot, cooling, and cold should 
again be noted. 

If any doubt remains, the bead can be again oxidised and 
re-examined. If the reaction is feeble, more powder must be 
added ; if the bead is dark and opaque, it can be flattened oat 
when still hot between the agate pestle and the edge of the 
mortar, when it frequently becomes transparent. If clearly too 
much material has been picked up, part of the bead must be 
shaken off when hot and pure borax substituted. 

As already hinted, compounds of arsenic, antimony, lead, 4eo., 
will destroy the wire, and in some cases the bead must be treated 
in a little hollow of a charcoal support ; it must then be pinched 
up while hot, and its colour thus examined. The addition of tin 
aids some difficult reactions in RF. The bead is fused on 
charcoal, and the comer of a strip of tin-foil is dipped into it, a 
little being thus melted off. The tin combines with the oxygen 
of other metals present, and the reduction is carried farther than 
by the flame alone. 

Two or even more metals capable of colouring the borax glass 
may exist in the same assay. Hence the worker must be pre- 
paid for mixed colours, such as a green in the case of cobalt 
and iron, iic. Such colours are particularly noticeable in the 
hot bead, as also are those due to constituents present in small 
quantity. 

Pr&oautionB. — ^The wire must be dean and give no colour to 
the pure borax. 

The bead must be small, so as to be completely enyeloped 
during reduction. 

The powdered assay must be added in small quantity, and 
increased until it is clear that no good reaction is obtainable. 

Sulphides and arsenides should be roasted on charcoal before 
use in borax. 

The reactions that are commonly met with and can be fully 
relied on are here given. Many substances give beads that are 
yellow when hot and colourless when cold, or make opaque 
porcellanous beads when added in laree quantity; but their 
constituents can usually be recognised by other and better 
means. 
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BEADS OF BORAX. 



Coix>irB nr O.F. 


CoLOUB nr R.F. 


IlfDIOATION. 


BFOWn (Violet when 
hot). 


Greyish on long re- 
duction. Colourless 
with tin. 


NicheL 


Yellow (Red when 
hot). 


Bottle-green. 


Itrmat Uramum, 


Tellow-green. 


Green. 


Chromium, 


Blue (Green hot» end, 
if a large quantity 
is need, when oold). 


Briek-red and 

opaque. Well seen 
in yellow li^^t of 
lamp. Facilitated by 
tin, or when a large 
quantity is present. 


Oqppmr. 


Blue 


Blue. 


ChbaU. 


Red-violet 


Colonriess (difficult 

with large quantity). 


Af(GNI^flNI6Ml 


ColOUPless (requires 
good oxidation). 


Brown, often with 
black flecks. 


liolifideimm. 


Colourless. 


Tellow-brown with 

large quantity. 


jC •vny^v^Hi 


Colonriess (YeUow 

hot). 


Yellow to Brown. 


Titamum^ 


White Mid opaque 
(turbid with small 
quantity). 


Colonriessafter some 
time. 


Silver. 



R RsAomoKs m Beads op Miorooosmio Salt. 

It is always advisable to confirm the results obtained in borax 
by the use of miorooosmic salt, and in many oases, as where 
uraninm, iron, titanium, or tungsten ocour, these reactions 
are absolutely necessary. While a larger quantity of the 
mineral powder is often required before a gCNod result is obtained, 
the reactions are as a whole cleaner and clearer than those in 
borax. The opaque red of copper in R. F. is, moreover, easily 
produced in microcosmic salt. 

The salt must be picked up on the heated wire in small quantities 
at a time, and fused so as to expel the water and ammonia after 
each addition. The resulting bead drops easily from the wire, 
but any tendency to £Etll during an operation may be generally 
checked by shifting the wire to the upper portion of the flame. 
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PrecauUions. — The bead must be small and be moyed with care^ 
lest it should become detached. 

Larger quantities of the assay may possibly be required than 
in the experiments with borax. 

The other precautions are the same as those given under borax* 

BEADS OF MIGROCOSMIC SALT. 



Colour in O.F. 


C]k>LonR IN R.F. 


Indication. 


Yellow. 


TellOW (colourless 
after long reduction 
with Tm). 


Nickd. 


Pinkish-red (requires 
some qaantity). 


Pinkish -red (re- 
quires some quan- 
tity). 


1 


Pinkish-red (requires 
some quantity). 


Darker or Crim- 
son-red. 


Tvmqtien and Ircn, or 
T\tamMim amd lr<jn» 


Tellow-green. 


Green. 


UroMtan, 


Tellow-green (Red 

when hot). 


Green (Red when 
hot). 


Chromium, 


Blue. 


Red and opaque. 


Copper, 


Blue; Bometimes 

Violet* 


Blue; sometimes 
Violet. 


Cobait. 


Red-violet 


Colourless (easier 
than in Borax). 


Mcmganeae, 


Green ; rarely Colour- 
less. 


Green. 


Molybdenum, 


Colourless. 


Blue. 


Tungsten (see above 
for Tungsten and 
Iron). 


CoIourles& 


Violet 


Titanium (see above 
for Titanium and 
Iron). 


Milky-white and tor- 
bicC 


Colourless (after 

some time). 


SUver, 



F. Examination fob Silica ik Bead of Micbocosmio Salt. 

If a minute splinter of a silicate is placed in the bead and heated 
thus for a long period, the silica will still remain undissolved, and 
will be seen floating about as a skeleton retaining the form of the 
original fragment. Some substances, as corundum, rutile, &o,, are 
80 slowly soluble that this test must be performed with judgment^ 

* Some samples of miorooosmio salt give violet beads. 
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and upon particles not bigger than the commas used upon this 
page. At least 200 should be counted during the operation. 

In borax, on the other hand, silica eventuallj dissolves, in 
common with the bases combined with it. A small portion of 
the silica is said to be dissolved out even in the bead of micro- 
cosmic salt^ but this does not vitiate the observation unless a 
fine powder has been used in place of a properly selected splinter. 

Q. Eeaotions IK THE Glass Tubes. 

A dosed tube, prepared as described on p. 41, and dried in the 
flame, is held in the forceps or anv convenient clip, and two or 
three fragments of the mineral are dropped into it No powder 
should be allowed to fall upon the sides of the tube, lest subli- 
mates should be obscured. The base of the tube is heated, gently 
at first, in the spirit-lamp or Bunsen-flame, the blowpipe being 
used if greater heat seems desirable. Anj change that takes 
place should at once be noted ; decrepitation, fusion, change of 
colour, &e^ may occur ; but the most important reactions are the 
evolution of gas and the formation of a sublimate in the cooler 
part of the tube. The assay may in some few cases become 
thus entirely volatilised ; but a reudue commonly occurs, which 
should be examined ; occasionally this proves to be magnetic 

A tube should then be taken that is open at both ends, and about 
12 cm. long. A fragment of the mineral isshaken in soas to lie about 
2 cm. from one end, and the flame is allowed to play about this point. 
By inclining the tube, air-currents pass up it of strength varying 
with the slope, and the volatile matter, if any, becomes highly 
oxidised. Oases and sublimates should again be closely observed. 

It is clear that sulphides will be most likely to yield sulphur 
in the closed tube, the product in the open tube being sulphurous 
anhydride (SO,), an invisible gas characterised by its smell. 
Arsenic may appear as a metallic sublimate in the closed tube, 
but as a white oxide in the open tube. Hence the one test 
frequently confirms the other. Moistened litmus paper may be 
used in ^e mouth of the tubes to test any vapours given ofi^ 
^e blue colour turning red with acids. 

Open tubes may often be cleaned out with a pipe-cleaner or 
by simple heating ; closed tubes are seldom worth cleaning. 

Precautions, — The upper part of a tube, though dried, must 
not be too hot to receive a sublimate. 

Sublimates must be spread over a fair area, but will sometimes 
overlap on one another. Thus an arsenic mirror and the orange 
sulphide often produoe at their junction an effect suggestive of 
antimonous sulphide. 
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SUBLIMATES IN THB TUBES. 



Closkd Txtbb. 



Colourless drops. 

Bright MetalliO 

•^Mirror/* 



Metallie Globules; 

seen to be Uq aid when 
touched with a rod. 

Black ; red streak 
when end of tube is 
out off and sublimate 
is Bciaped out. 

Dark-red to Blaek. 



Dark-red to Black 

(BUudc when hot). 



Orange (Dark red 
when not). See pre- 
cautions, p. 51. 

Yellow (sometimes 
aknostwhite;orange- 
red only when hot). 



Open Tube. 



White, showing min- 
ute sparkling crys- 
taJs where tmn. 
Ctorlio odour. 

As in closed tube. 



At in closed tube; 
some S Of 



As in closed tube. 
Odour of "decaying 
horse radish.*' 

Dense White (anti- 
mony oxides); some 
yellow sulphur and 

So,. 

As in closed tube, but 
breaking up into 
white crystalline 
oxide. 

At in closed tube, but 
soon converted into 
SOj. 

Dense White, often 

in part crystalline 
(oxides). 

Dense White, de- 
posited on lower 
side of tube. (Lead 
sulphate.) 

White to TeUow, 

brown when hot. 
(Bismuthous oxide). 

White, thin and 
crystalline. (Molyb- 
^num trioxide.) 



Indioation. 



Water (the tube must 
be well dried first). 

Arsenic. 



Mercury. 



Mercuric Sulphide, 



SeUnimm (rare). 



Antimomome Sulphide, 



Ar$emmi Sulphide, 



Sulphur. 



Antimofif. 



Lead Sulphide. 



BiemutK 



Moli/bdenvnu 
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CertaiB special reactions in the tubes will be dealt with under 
the h^ul of the substances of which thej are characteristic. 



H. BsAcnoHS OH Ohasooal. 

(i) IHORUSTATIONB. 

A small bole is cut with a knife-point in the charcoal, and a 
little powder of the assaj is laid within it. Should it decrepitate 
or flj about, it should be moistened with a drop of water. It is 
then heated in O. F., the remainder of the flame being directed 
alonff the charcoal or the blackened surface of the support (see 
p. 38). 

The substance may at once deflagrate, indicating the presence 
of a nitrate ; or it may fuse more or less readily ; it may colour 
the flame as in previous operations; or it may glow strongly, 
indicating lime, magnesia, strontia, zinc, or ziroonia. 

After heating for some time, a sublimate or ** encrustation " 
will firequently form on the cooler part of the charcoal, or close 
under the fringe of the flame, according to the volatility of the 
product Such encrustations are mostly due to oxides, and 
themselves disappear or shift on being heated in the flame, some- 
times imparting a colour to it. In some cases they are developed 
while the assay itself is being treated in R F. A thin white 
encrustation often appears blue when spread out over the black 
support, and thin yellow ones appear white upon the outer 
border. 

If the encrustation is white, it should be aUowed to cool and 
then be moistened with nitrate of cobalt solution dropped on it 
from a rod or pipette. Reheat strongly, counting about 200, 
and set aside to cooL In several cases characteristic colours 
result from the action of the cobalt No transient colour need 
be regarded, as the strong heating mentioned is essential. The 
nitrate of cobalt solution dries firat to a pink, then breaks up 
and turns black ; but these colours speedily pass off and wiD 
cause no confusion. The charcoal into which any of the solution 
has sunk must be cut out, lest future encrustations should be- 
come coloured. It is also necessary to observe whether the ash 
of the charcoal alone gives any reaction with the nitrate. 

As a refinement on ordinary methods, Dr. Haanel * employed 
plaster of Paris plates in place of charcoal, and hydriodic acid as 
a reagent, the encrustations observed being then due to iodides. 
* Tram. M, Soc Omnada^ vol i. (1883), sect 3, p. 65. 
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The plaster is made into a thin paste with water, and is spread 
out with a knife on a large glass plate to an even thickness of 
^ inch. Grooves are cat across the plaster, so that it can easily 
be broken, when set, into plates measuring 4 x 1 f inches. The 
smooth surface produced next the glass is used for the encrusta- 
tion, and a small hole is out in it near one end for the assay, 
which is mixed with hydriodic add. Messrs. Wheeler and 
Luedeking* use a mixture of 40 per cent, iodine and 60 per 
cent, sulphur added in excess to the assay, which is mach 
simpler, and which gives equally striking and brilliant en- 
crustations of metallic iodides on plaster of Paris. 

Dr. Goldsohmidtf uses mica or glass plates, resting on the 
charcoal, to receive encrustations. To prevent cracking, the 
latter are heated before use. The sublimate can thus bo 
removed, and tested conveniently in the wet way. 

A beautiful example of the oxidation of a metal before the 
blowpipe occurs in the cupellation of lead containing silver. 
The metallic bead is obtained from the ore by fusion with 
sodium carbonate on charcoal, and is removed and cleaned. A 
cupel of bone-ash is then made, about 2 cm. in diameter, being 
shaped in a hollow cut in charcoal, or struck in a mould, such 
as those provided in Letcher's blowpipe-cabinets. The cupel 
should be gently dried, and supported in a hollow of the char- 
coal. The metallic bead is placed on it in a little hollow near 
one side, and is treated in O.F. The lead oxidises, forming 
exquisite iridescent films on the bead itself, and red stains, 
which rapidly grow richer, on the bone-ash beyond. The cupel 
finally absorbs all the lead as oxide, and similarly any copper 
present; and silver, if present, remains behind as a gleaming 
and non-iridescent bead. This process requires some experience 
and repetition ; the detailed account in Plattner's work (English 
edition of 1875, p. 369) shows to what perfection it may be 
carried. 

* Tram, St, Lotda Acad, Sci., voL iv. (1886), p. 676. 
t Quoted in Keilhack, PralUiache Otologie, p. 498. 
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ENCRUSTATIONS FOBBfED WITH THB OXEDISINO 

FLAME. 



COLOUB. 



White, yellow 
when hot. 



White. 



Yellow-bFown. 
Pink-brown, 

feeble. (Pale 
otimaon on sur- 
face of antimony 
oxide, or when 
lead JB present) 
(p. 6^ . 



TeUow, paesingin- 
to white. Oruige 
whenliol 



Orange -yellow, 

▼ery volatile. 

Bed. 



IKDIOAXIOS, 



MoMdenum 
(Tnmi a fine blue on the leaat 
touch of K F.) 

Tin (not volatile). 

Zinc (not volatiie). 

Ar$eme 
(Very rolatile and far from 
assay. Oarlio odour.) 

Antimony (denser). 

Lead Chhride (thin). 

Lecki StUphaU, 
In these two last the yellow 
due to lead oxide appears 
within, and th^ bum blue 
when the fiame is turned on 
to them. 

OadmiuBU 



Silver, 



BimMUh. 
(A &M red results if equal 
partsof potassium iodide and 
sulphur are added to the 
assay.) 

Lead (bums blue). 
Both the leiad and bismuth 
encrustationB have a white 
fringe, and become more in- 
tense in colour if this is 
driven back and concen- 
trated upon them. 



I Arsenoui Bnlphidg. 

AnHnumouB Sulphide, 



With (3obaxt 

NiTBATB. 



Bine-green. 
Tellow-green. 



Dull Green. 
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(iL) TRBATMRNT OP RBSIDUAL ASSAY WITH NITBATB OP OOBALT. 

If the residtie of the assay after oxidising is white or grejish^ 
cobalt nitrate should bo dropped upon it» and it should be 
strongly heated in O. F., as in the case of encrustations. This 
test is of especial service where no condusive reaction has beeik 
hitherto obtained. On completely cooling, the colour may or 
may not have changed. The assay must be examined with a 
lens to ascertain whether fusion has taken place, since a blae 
colour after fusion has no determinative value. Similar reactions 
can be conveniently obtained by powdering the mineral, miTiiig 
with a drop of the solution, and taking up on a loop of platinum, 
wire for treatment in the O. F. 

The colours useful in determination are : — 



COLOUB. 


Indication. 


Pale Pink or Brown-pink. 

Green. 

Pale Blue. 


Magnesia (glows daring ignition). 

Titanic oxide. 

Alumina (Blue after fosion is 
generally due to Silica). 



(iiL) REDucrriON to metal in thb beduciko plamb 

Many ores can be reduced to metal in R. F. on charcoal, their^ 
volatile constituents going off as gas or becoming deposited as 
oxides on the charcoal Other more refractory substances become 
reduced by being powdered with about three times their bulk of 
sodium carbonate ; the mixture is then treated in R F. on char- 
coal until all effervescence in the sodium carbonate has ceased, 
when often metallic globules will have separated out and have^ 
become distinctly visible in the flux. In many cases, however, 
the soda-slag must be cut out with a little of the charcoal under 
it and pounded out in water in an agate mortar ; wash lightly 
with water, pressing firmly on the heavier residue with the 
pestle ; metallic beads will often be found streaked out on the- 
pestle, or in the mortar when the lighter admixture has beea 
washed away. 

The metallic beads obtained must, as a rule, be subjected to- 
further tests. They should be treated by themselves on charcoal, 
to observe their purity and to see if they form an encrustation 
of any characteristic oxide; their malleability and sectUity 
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ahoxdd be examined ; «nd they should be rubbed over a surfi&oe 
of white paper, under pressure from the clean base of the asate 
mortar, to determine whether or no thej leave a streak sucn as 
is given hy lead. Some bodies jield mere fused globular residues, 
which are brittle and can be referred to none of the undermen- 
tioned metak. Such residues can often be further decomposed;, 
but alloys may be formed that are difficult to determine. 

The bead or powdered residue from treatment hi B. F. shotdd 
always be tested with the magnet, and any matter that is 
attracted should be examined in a borax head. Iron, cobalt^ 
and nickel can be thus extracted and distinguished. 

FreeatUiona. — Search for possible small beads in the residue^ 
firom fusion with sodium carbonate, as above described. 

Bub beads in the mortar to clean off any oxide that may have 
formed during cooling concealing their true metallic colour. 



Katubx of Mitaujo 
Bead. 


Its RBAOTiona 


Ihdzoatiok. 


White, hard, nuJleable. 

White, maneablo, diffi- 
cult to obtain without 
sodium carbonate. 

White, eaoly malleable^ 

White, crackfl at edgea 
when pressed ; brittle. 

CoppeF-red« hard, malle- 
able (oftoi coated with 
black oxide). 


Does not mark paper. 
Plaoed on the margin of 
a film of antimony oxide 
formed on charcoal, and 
gently fused, will yield, 
with a little care, a pink 
encrustation over the 
white oxide. 

Does not mark paper. 
Gives white encrusta- 
tion; blue -green with 
cobalt nitrat^ 

Marks paper. Yellow en- 
crustation ; blue flame. 

Does not mark paper. 
Yellow encrustation. 

No encrustation ; green 
flame. 


Silver, 

t 

Lead. 

SMffMCtik 

Copper. 

* 



KoTB. — Ar^cMCy cmUnumy^ and 2tnc are volatilised on reduction, and 
are recognised as encrustations and not as beads. Mercury and areenie 
should be obtained by heating their compounds with sodium carbonate in a 
oloeed tube. Iron, cobalt, and nickel yield black magnetio residues, which 
should be tested in borax on platinum wire. 
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Certain reactions in which the use of sodium carbonate plays an 
important part will be described under the head of the substances 
of which they are characteristic. The test for sulphur alone need 
be mentioned here. Because a substance is a sulphate or even a 
sulphide, it by no means follows that evidence of sulphur will be 
given either in the closed or open tube. The dedsive determina- 
tion is made as follows : — Fuse thoroughly some of the powdered 
mineral with about three times its bulk of sodium carbonate in 
R. F., until effervescence ceases. Cut out the slaggy residue 
and the patch of charcoal below it, and crush on the surfistce of 
a clean silver coin with a drop of water. Allow it to lie for 
about ten seconds and wipe it off lightly. If sulphur has been 
present in any form, sodium sulphide will have resulted, which 
decomposes on the coin, leaving a brown or black stain of silver 
sulphide. This test is delicate and unfailing, and can be per- 
formed as a natural sequel to any good reduction with sodium 
carbonate, a portion of the slaggy mass being reserved for this 
purposa 

FrecatUiana, — The reduction must be very thorough. 

The charcoal below must be cut out^ owing to its absorption 
of the sodium sulphide formed. 

The sodium carbonate must itself be tested for sulphur; common 
gas also gives a slight reaction ; but the stains thus produced 
are ordinarily quite slight compared with those yielded by 
minerals, especially if the mass is not allowed to rest long upon 
•the silver coin. 



CHAPTER VI. 

«IMPLB AND 0HABA0TBBI8TI0 BBACTIONS OF THB OONSTITUBNTS 

OF OOMMOB MINEBALS. 

Abbrbviatioks used : — Flame = Flame-colouration. Fu8, = Fusi- 
bility. Bor, = Borax bead. Micr. = Microcosmic salt bead. 
CL tube = Closed tube. 0. tube = Open tube. Ch. = On char- 
coal. Soda = Sodium carbonate. H CI = Hydrochloric acid. 
Add, = Additional reactions. The most useful and characteristic 
reactions are preceded by an asterisk. Details must be looked 
for on pp. 46 to 60. 

Alummium. — * Ch, — ^Alumina becomes blue with cobalt nitrate; 
if the sur£Ekce is fused, the reaction is indecisive. Dissolve the 
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8oda-rendue in dilute HOI, oTaporate to dryness, redissolve 
in H 01 and water, filter off any silica, and neutralise with am- 
monia; alumina is precipitated, together with any iron that 
may be present. The precipitate, if white or nearly so, can be 
tested with cobalt nitrate, the resulting fine blue colour dis- 
tinguishing it firom glucina, which is similarly precipitated. 
Glucina, however, is of rare occurrence. 

Antimony. — FUmM — ^Blue-green or green-blue. CI. tube — Some 
white oxides ; dark red when sulphur is present * 0. tube — 
D nse white oxides, sometimes crystalline. * Ck — Ditto. Dull 
green with cobalt nitrate. (See note on p. 64.) 

Arseoic — Flame — Blue, smoky througn formation of oxide. 
* CI. tube — Metallic mirror, particularly with soda. Some white 
crystalline oxide. With sulphur, orange-yellow. * 0. tube — 
White crystalline oxide, garlic odour. Ck, — Ditto, hr firom assay. 

BariuBL — * Flame — Yellow-green. 

Bismuth. — 0. tube — Oxide sometimes formed. * Ch. — Yellow 
encrustation, bordered with white. With sulphur and potassium 
iodide yields red encrustation of bismuthous iodide. Bead some- 
what battle, not marking paper. 

Boron. — * Flame — Oreen. Use sulphuric acid or even fluor> 
spar and bisulphate of potash 

Cadmium. — *Ch.— Brown oxide. Use soda. 

Calc ium — * Flame — Red to yellow-red. Olows strongly. Add. 
—Dissolve assay in HOI, and dilute greatly. Add sulphuric 
add ; no precipitate occurs (see *' Strontium "), 

Carbon Dioxide. — *Oarbonates effervesce in HOI, some when 
coldy all when heated. A little water must be added. Sulphidea 
that behave similarly are recognised by their physical characters 
and by the smell of the escaping gas, sulphuretted hydrogen. 
Small quantities of carbonate of lime, &c., present only as im-> 
purities in the assay, often give considerable effervesoenoa 

Chlorine^ — *Mior, — Make a very dark bead with copper and 
add a little of the assay. If chlorine is present in fair quantity, 
a fine blue flame surrounds the bead when it is again introduced 
into the flame. (See p. 43.) Bromine gives a similar reaction, 
but is far less often met with. 

Cliromium. — * Bar. — Fine green in both flames. Mior. — Ditto. 

C#balt. — ♦ Bor. — Blue in l^th flames. Micr. — Violet to blue 
beads. These beads are green when iron is present, especially 
when hot. Ch. — Residue from R.F. magnetic. 

Copper. — * Flame — Bright green. Blue near assay with H OL 
Bar. — O.F., green to blue; R.F., opaque red. Mior. — Ditto. 
Ch. — MetaUio bead of copper ; use soda in most cases. 
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Fluorine. — *CL ^u6d— Heat the powdered assay strongly with 
a drop or two of sulphuric acid ; hold a clean glass microscopic 
slip, or the base of a watch-glass, close down on the end of the 
iiube so as to intercept the vapours. In two or three minutes 
remove and wash. When dried, a dulled circular area will be 
seen, due to the etching performed by the hydrofluoric acid 
vapours. This occurs only when the assay 1b decomposed by 
sulphuric acid. 

If sand or quartz fragments are added with the sulphuric acid, 
silicic fluoride Ib formed. Insert a glass rod moistened with 
water down the tube; the water decomposes the vapour, and 
white silicic hydrate is deposited on the rod. 

Add. — In some cases it is sufficient to fuse microcosmic salt 
-on charcoal until ebullition ceases, mix the product with the 
powdered assay, and fuse on a glass slip over a lamp-flame. On 
washing off the mixture and drying, the surface will be seen to be 
etched, a dulled area having been formed under the fused mass. 
This is applicable to minerals not decomposed by sulphuric acid. 

Iron. — ♦J?or.— O. F., yellow. R. F., bottle-green. * Micr, — 
Keddish in both beads ; darker when titanium or tungsten is 
present (see under these). CI. tube. — Residue sometimes mag- 
netic. * Ch. — Residue from R. F. magnetic. 

Lead.— *-^am« — Blue. 0. tube — With sulphur, forms, after 
some heating, dense white lead sulphate sublimate. *Ch, — 
Yellow to orange oxide, fringed with white. White chloride or 
sulphate when chlorine or sulphur is present. Metallic lead in 
R. F. The bead oxidises and turns orange in O. F. 

Lithium. — * Flame— CrimBon. A rare constituent. 

Magnesium. — *Ch. — Magnesia becomes dull pink with cobalt 
nitrate. Heat strongly. Few compounds, however, show this 
reaction, and wet tests must be used. 

Manganese.— ♦.Bor.—O. F., red violet. R. F., colourless. 
Micr. — Ditto. Add, — * Moisten a loop of platinum wire, and 
-dip it into sodium carbonate; fuse to a bead and add the 
powdered assay; heat in O. F. ; manganese, even in very 
«mall quantity, gives an opaque green bead. 

Mercury. — * ul tube — Metallic sublimate, especially with soda. 
The sulphide, without soda, gives a black sublimate which has 
41 red streak. 

Molybdenum. — Flame — Yellow-green. *JBor. — O. F., colour- 
less. R. F., brown. Mior. — ^Green in both flames. 0. tube 
— Sometimes thin white oxide. *Ch, — White oxide, which 
becomes ♦blue on being touched with R F. The soda- 
residue, treated as described under << Titanium,'' gives a 
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greenish solution which passes into brown; sometimes blae. 
<See " Tungsten.") 

Nickel— ♦^or.—O. F., Brown. R. F., grejiih. * Micr.— 
O. F., yellow. R. F., slowly colourless with tin. These re- 
actions may be obscured by cobalt. See account of ohloanthite 
on p. 69. Ch. — Residue from R. F. magnetic. 

niosphorus. — * Flame — Feebly but distinctly green ; use sul- 
phuric acid CL tube — Insert 4 mm. or so of magnesium tape 
-and fuse. In some cases the mineral must be first fused with 
soda on charcoal, and the powdered slag used in the tube. The 
addition of water, afber the tube has cooled, causes the evolution 
of phosphoretted hydrogen, known by its smell, which is oom- 
pcur«d to that of decaying fish. Oh, — ^With cobalt nitrate 
fusible phosphates become blue. Add, — ^* Nitric acid solution 
-of ammonium molybdate, added to a solution of a phosphate, 
-or in many cases to its powder, produces a crystalline yellow 
precipitate. This must be proved to be crystalline with a lens 
-or microscope. 

Potassium. — *Flame — ^Violet. Often requires blue glass. For 
intensification of this reaction, see pp. 83, 85. * Add. — Fuse 
the assay with soda on platinum, if not otherwise soluble, 
and dissolve in H 01. Add solution of platinic chloride, aud 
evaporate almost to dryness ; add a little water, or preferably 
alcohol ; if potassium is present, a crystalline yellow precipitate 
of potassium platinic chloride will be seen to have formed. This 
precipitate is not easily dissolved in water, and is insoluble in 
idcohol. Ammonium compounds give a similar reaction. 

Silioon. — *M%er, — Silica is insoluble, a skeleton thus re- 
maining in the bead. The fragment used must be small (see 
p. 52). *Ch. — The soda-residue should be dissolved in dilute 
M 01, evaporated to dryness at a temperature only a little 
^bove 100 , and again treated with H 01 and water. Any silica 
present will separate as a light precipitate, which must not feel 
gritty under the glass rod used in stirring. If gritty, the fusion 
with soda has not been carried on long enough to completely 
decompose the assay. 

With cobalt nitrate fusible silicates give a rich blue glass. 
Add, — Some silicates decompose on boiling with H 01, the silica 
being left as a powder or a jelly of silicic hydrate (see p. 33). 
If previously fused with soda, a jelly always forms. 

Silver. — Bar, and Mior, — White and turbid beads, particularly 
in O. F. Ch, — ^Dull pink brown feeble encrustation, pale crim- 
son or violet if formea over a film of oxide of antimony, or where 
lead is present, the colour greatly improving on cooling. An 
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ore of antimony may be added to the assay, to produce this 
reaction. * Silver bead in K.F., which does not mark paper like^ 
lead, or turn white like tin in O.F. Where copper is present, or 
in any compound ore of silver, it is well to use a mixed flux of 
borax and soda, the borax taking up the other constituents. 
(In presence of lead, see p. 56.) 

Sodium. — ♦ Flame — Strong yellow. 

Strontium. — * Flame — Crimson to yellowish-red. Add, — Dis- 
solve assay in H 01, and dilute greatly. Add sulphuric acid ; a. 
white precipitate occurs, sometimes after a little standing (see 
"Calcium"). 

Sulphur. — Flame — Native sulphur gives a blue flame, but thia 
is not seen in the heating of sulphides and sulphates. CI, tube — 
Tellow subUmate from many minerals, the colour most notice- 
able when hot. 0, tube — Sulphurous anhydride is often evolved. 

* (7^-r-Blackens silver coin after fusion in RF. with soda and 
addition of water to the slag (see p. 60). Add, — Treated with 
H CI, many sulphides give off sulphuretted hydrogen, known bj 
its smelL 

Sulphides may in all ordinaiy cases be distinguished froia 
sulphates by their physical characters.! 

Tin. — Ch, — ^White encrustation, somewhat weak at first;. 

* blue-green with cobalt nitrate. * Metallic beads, white and 
malleable ; best obtained by powdering the assay with charcoal 
and soda, then fusing, and pounding out of the residue in water 
in a mortar. The bead turns white in O.F. 

Titanium. — Bor, — O. F., colourless. R. F., yellow to brown. 

* Mior, — O. F., colourless. R. F, violet. Dark red-brown when 
iron is present. * Ch, — The soda residue is boiled in H CI, with 
tin-foil about one centimetre square, to ensure reduction, and to- 
avoid colouration of the liquid by formation of ferric diloride, 
should iron be present. On cooling, and often after some standing, 
the solution becomes violet through formation of titanous chloride 

Clg). See ** Tungsten " below. 

lungsten. — Bor, — O. F., colourless. R. F., palish yellow-brown. 
Micr, — O. F., colourless. B* F., blue. Crimson-brown or red if 
iron is present. * Ch, — The soda-residuA, treated as above- 
described under "Titanium," gives a Prussian-blue solution, 
sometimes turning brown later. The charcoal used in the 
fusion must not contain any cobalt nitrate from previous 
operations, since this will produce a similar blue in the add. 
Some salts of molybdenum are said to behave similarly. 

t For a rapid method for the determination of sulphides, arsenides, and 
antimonides, see Burghardt, Mineral Mag., voL ix. (1891), p. 227. 
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Uraidtim,— ♦ i5or.— O.F., yellow. R. F., bottle-green. ♦ Micr. 
— Green beads. Distinguished thus from iron. 

Zinc — * Ch. — ^White encrastation, bright green with cobalt 
nitrate ; heat assay in R. F. No metallic bead. 

Zirconinm. — Flame — Zirconia glows very strongly . Ch. — With 
cobalt nitrate siroonia becomes dull violet, a reaction uncertain 
and difficult to obtain in the case of nroon, the only common 
compound of zirconia. (See notes on Zircon on p. 77.) 
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OHAFTEB VII. 

BLOWPIPB^rSSTS USEFUL IK THB DETERMINATIOK OF 

OOMMON MINBRALS. 

Thb selection of minerals here made includes some that are of 
far rarer occurrence than others, but which yet are the more 
common representatiyes of certain chemical constituents of the 
earth's crust. It also excludes a number of important minerals, 
particularly silicates, which must be recognised by physical 
characters or more complete chemical analysis. The group, for 
example, of the felspars thus obtains little prominence ; but the 
later section devoted to Sasab6's flame-reactions does them, it is 
hoped, some measure of justice. The worker is presumed to 
have before him some handy text-book of mineralogy, and ques- 
tions of colour, hardness, dlKX, are thus omitted from these notes, 
except where especially important for distinction. Should the 
mineral under examination not correspond with any in the 
following series, reference to the text-book under the head of 
those that agree with it most closely will generally complete its 
determination. 

An alphabetical order has been adopted ; but an index at the 
end of the list serves to connect the ores of the same metal one 
with another. The abbreviations used are the same as those in 
the preceding section. The chemical formula is given after each 
name. 

la, Alunite (see notes on Websteiite]). 

1. AnglOBite. PbSO^. 0. tube — Itises, and on prolonged 
heating fbrms a slight white sublimate. Ch, — Lead encrusta- 
tion. Fuses and reduces easily to metaL With soda, sulphur 
reaction. Add. — ^Despite its appearance, the specific gravity 
( « 6*2) suggests the presence of a heavy metal. 

2. Anhyffite. OaSO^ Flame— Osloium, with HGL Fue. 
— About 2"6. CL tube-^o water. Ch. — With soda, sulphur 
reaction. Add, — Hardness = 3 or more ; that of gypsum -= 2. 
Soluble in H CL 

3. Anorthite. Ca Al, Si, O^. ^ame — Oaldum, on decomposi- 
tion with H CL Fu8, — Nearly as high as orthodase. Mier. — 
Silica. Add, — Best treated by Ssabd's method. Decomposed by 
H CL Specific gravity = about 2-75. 

4. Antunonite. Sb,S^ jPTome— Smoky green. Fu$, — 1. CL 
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tube — Bed sublimate of antimonoos sulphide^ darkening to black 
at base; white oxides, and sometimes sulphur, above. 0. tube — 
Similar; dense white oxides. (7A. — Similar products; in the end 
completely volatilised. With soda, sulphur reaction. 

5. Apatite. SCa^PjOg + Ca(Cl2, F,). i%ifiM— With sulphuric 
acid, green (phosphorus). Fub, — Near 5. CI. tube — With mag- 
nesium, phosphorus reaction. Add, — Soluble in strong H 01. A 
drop of sulphuric acid added to the solution precipitates micro- 
scopic crystals of gypsum. Treated with nitric acid and 
ammonium molybdate solution, gives strong yellow precipitate. 
Small fragments may be thus deaJt with on a glass slip. 

6. Apophyllite. H^CaSi^O^ + H^O, with some FL FUme^ 
With blue glass, good potassium. /W. — Easy, Mrith intumes- 
cence, iftcr.— Silica, CL «tt6#— Water. ^cW.— With HOI 
gives gelatinous silica in lumps. 

7. Aragonite. Oa 00, (Rhombic form). Flams— Wiik H 01, 
strong calcium. Fus, — Infusible. Add. — Effervesces freely in 
cold H OL The solution, if greatly diluted, gives no precipitate 
on addition of sulphuric acid, even after long standing. Dis- 
tinguished thus from strontianite. 

Distinguished from calcite by its specific gravity ( = 2*93) and 
slightly superior hardness. 

8. ijrgentite. Ag^ S. Fut. — Easy. Bor. and iftcr.^Silver re- 
actions. Ch. — Silver bead. With soda, sulphur reactions. 
Add. — Sectile and malleable. Distinguished from stephanite by 
absence of antimony. 

9. Atacamite. Ou 01, + 3 H, Ou O,. ITame — Bums lumin- 
ously, and gives a blue flame near the assay (copper chloride) 
and copper green beyond. Bar. and Micr. — Oopper reactions. 
CL tubi- — Water. Forms yellow-brown and greenish deposits at 
lower end of tube. Ch. — Similar deposits on the charcoal 
Copperhead. 

10. Augite. (Oa, Mg, Fe) Si O, with some Al, 0, and Fe^O,.* 
Fug. — ^About 3*5. Mier. — ^ilica. Add, — Oan be just scratched 
with a knife. Prism-angle of 87'' distinguishes ^e pyroxenes 
frx>m the amphiboles. 

11. Azurite. 20uOO, + H,OuO^ Flome—Wiih HOI, 
•copper colours. Fu$. — 2. Bar. and Micr. — Oopper reactions. 
€1, tube — Blackens ; water given off. Ch. — Oopper bead. 
Add — Effervesces freely in hot H OL Distinguished from 
malachite by blue colour; from chalcanthite by absence of 
sulphur and insolubility in water. 

12. Barytes. BaSO^ Flame — Barium green. Ftu. — ^About 
Z; commonly decrepitates. Ch, — With soda, sulphur reaction. 

* See Hintze, Mineralogies Bd. ii., p. 968. 
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Add. — Specific gravity =: 4*5, a character noticeable even in small 
specunens. 

13. Bismnth. BL Fus. — ^Yery easy. 0. tube — Fuses and 
forms white to pale yellow sublimate ; if potassium iodide and 
sulphur are fused with it, a vermilion sublimate results. (7^— 
Bismuth encrustation, which becomes a strong red when potassium 
iodide and sulphur are added to the assay. These materials- 
should be powdered up with the bismuth. Fuses to a brittle but 
slightly malleable bead, which does not mark paper. 

Bismathine (Bi, S3) gives similar reactions, but with evidenoea 
of sulphur. 

13a. Blende (see Zinc Blende). 

14. Bomite. (Cuj, Cu, Fe) S. Flame^Go^^r. Fus. — ^Easy* 
Bar, and Micr. — ^Copper reactions. Ch. — Fuses to a magnetic 
globule. With soda, copper beads in a black magnetic residue 
(iron). Sulphur reaction. Add. — Distingtdshed by purple-red 
tarnish from copper pyrites ; yellowish when freshly fractured. 

15. Bmcite. HjMgO^. Ftu. — Infusible; becomes opaque* 
CI. tube — Water. Ch. — ^With cobalt nitrate gives a somewhat 
poor magnesium reaction. Compare with talc. 

16. Calamine (Smithsonite of Beudant). Zn C 0,. Ch. — Zino 
encrustation, which, with the residue, becomes a fine green with 
cobalt nitrate. Add. — Effervesces in H 01. Distinguished from 
hemimorphite (calamine of Brongniart) by not yielding gelatinoua 
silica. 

17. Calcite. CaOO, (rhombohedral form). Like Aragonite» 
Add. — Specific gravity = 2 •72. Perfect rhombohedral cleavage 
very marked, even when fragments are examined with a lens. 

18. Cassiterite. SnOg. Micr. — Often some silica. Ch, — ^Tin 
encrustation, blue-green with cobalt nitrate ; near the assay, and 
very characteristic if examined when cold. Powder with one 
part of charcoal and two parts of soda, to obtain good metallio 
beads. The metallic bead, treated alone on charcoal in O. F., 
oxidises and turns white, unlike lead or silver. Add. — Specific 
gravity = about 6*8, an important character when examining 
the dull brown pebbles of Stream Tin. 

19. Celestine. SrSO^. /'^me— Strontium. Ch, — With soda, 
sulphur reaction. Add. — Distinguished from gypsum, should 
the flame be doubtful, by hardness = 3 - 3*5 and specific gravity 
s 3*95 ; also absence of water, and insolubility in H CL The 
latter character distinguishes it from anhydrite. 

20. Cerussite. PbOOj. Flame^-Lesd, Ftu: — ^Very easy. 
CI. tube — Becomes yellow on cooling (lead oxide). Ch, — Lead 
encrustation ; rapidly reduced to metal. Add. — ^Effervesces in 
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hot H OL Specific gravitj » 6*4 when crystallised, suggestiiigy 
in spite of its appearance, tiie presence of a heavy metal. 
20a. Chalcopyiite (see Copper Pyrites). 

21. Chalybite. Fe C O,. J^u«.— Near 5; blackens. Bor, and 
Mier. — Iron reactions. CI. tube. — Blackens; magnetic residue. 
<7A.— Ditto. ^(2i.— Effervesces in hot H 01. 

22. Chloanthite. (Ni, Oo, Fe) As^. /W.--Ea8y. ^or.— Cobalt 
Teaction. If much iron is present, the bead will be green when 
hot. To obtain evidence of the nickel, prepare a large well- 
-coloured borax bead and transfer it to charcoal ; oxidise for some 
time; separate the blue glass from the metallic residue by 
breaking the bead, wrapped in paper, on the anvil ; fuse the 
residue again with more borax on the charcoal, and repeat the 
operation until the bead becomes brown (nickel) or colourless 
(no nickel present). To confirm this result, treat the residue 
now with microcosmic salt, which will show the characteriBtio 
yellow due to nickel in O. F. If copper is also present, the 
microcosmic salt bead will be green, and will become red in R. F. 
on addition of tin. 

Where the quantity of nickel \& small, a gold button weighing 
«boat 75 milligrammes should be fused with the borax bead on 
charcoal This withdraws the nickel and any copper, and, after 
fusion with fresh borax to remove all cobalt, gives with micro- 
cosmic salt the nickel or nickel and copper reaction. 

The colours of beads thus treated on charcoal can always be 
•examined by picking up some of the hot material on platinum 
wire. CI. tvhe — Arsenic sublimates. Ch. — Abundant arsenic 
«ncni8tation. 

23. Chromite. ( Fe, Or) (Fey Crj)0^, often with MgO and AljOg. 
F%u. — Practically infusible; becomes magnetic in R. F. Bor. and 
Micr. — Fine chromium reactions; mingled with those of iron 
when hot. Ch. — In R. F. somewhat feebly magnetic residue. 

24. ChrysocoUa. Probably H^Ou Si G^ + HaO. JTame— Oopper. 
Fu8. — Infusible. Bor. and Micr, — Copper reactions. In latter, 
•cloudy silica. CI. tube — Water; becomes black. Ch. — With 
soda, metallic copper. Add. — With H 01, separation of powdery 
siLica. Commonly some carbonate present. 

25. Cinnabar. Hg S. CI. tu^e— Black sublimate, which has a 
red streak, ^ith soda added, yields globules of mercury. Ch.^^ 
Volatilises. With soda, sulphur reaction. With potassium iodide 
and sulphur, faint yellow encrustation. Add. — -Red streak. 

26. Gobaltine. Co Aso + Co S, ( « Co As S). Bor. and Micr, — 
Cobalt reactions. CL tube — Fuses. Arsenous sulphide, sulphur. 
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white oxide, and sometimes some metallic arsenic. 0. tube — 
White oxide and some sulphide. Ch, — ^Arsenic encmstation. 

27. Copper Pyrites (Chalcopyrite). On Fe S^. Flame — Copper 
colours with HOI. Ftis, — £asy. Bar. and Micr. — Copper 
reactions ; green in O. F. when hot, owing to presence of iron. 
CI, tube — Some sulphur. Gh, — Fuses to a magnetic globule. 
Eoast in O. F., and then reduce \ a copper bead separates in the 
mass. Soda only obscures the reaction. Add, — Hiurdness => 3*5 ; 
easily distinguished thus from iron pyrites, which cannot be 
scratched by the knifa 

'Sla, Copper Glance (see Redmthite). 

28. ConmdnilL Al^O^. Fu9, — Infnsibla Micr, — ^Very slowly 
soluble ; often some silica, Ch, — ^With cobalt nitrate the residue 
becomes pale blue (alumina). Add, — Hardness = 9 ; specific 
gravity = 4. These characters are both important when dealing 
with rough forms, such as the pebbles found in streams. The 
parting-planes are generally traceable even in these. 

29. Cryolite. 6 Na F + AL F^ ( = Na^ Al, F^). Flame — 
Sodium. Fui. — Very easy. CL itdm — Fluorine reaction with 
sulphuric acid. Ch, — After thorough heating, the residue gives 
alumina reaction with cobalt nitrate. Add, — Fused with micro- 
cosmic salt on a glass slip, leaves a dulled and etched area when 
the slip has been washed and dried. Distinguished from fluor- 
spar by its lower hardness ( => 2*5) and its easy fusibility. 

30. Cuprite. Ou^O. .^TofiM— Copper colours with H CI. Fue, 
— Easy. Bor. and Micr. — Copper reactions. 0. tube — Blackens. 
(Cu O). Ch. — Copper bead in R. F. easily obtained. Add. — 
Soluble in H CI. Streak red. 

31. Dolomite. (Ca, Mg) C O.. Crystallised dolomite should be 
Ca C Oj + Mg C O.. i'Sms— With H CI, calcium. Fu8.^lnr 
fusibla AM. — !lmervesoes in hot HCl, calcite effervescing 
freely in cold. Intermediate forms give intermediate re- 
actions. 

To the H CI solution add slight excess of ammonia, and then 
solution of hydric disodic phosphate (1 part of the salt to 10 of 
water). Allow to stand for some time. If magnesia is present, 
a minutely crystalline precipitate of ammonic magnesic phosphate 
will be formed. 

The specific gravity of dolomite is about 2*85, calcite being 
2*72 ; the hardness is between 3'5 and 4. 

32. Epidota H^ Ca^ ( Al, Fe)g Si^ O,^ Fus. — Slightly more 
fusible than actinolite. Intumesces somewhat, i^tcr.— Silica. 
Add, — Hardness = 6*5, that of the amphiboles being 5*5. 
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S3. Epsonute (Epsom Salt). Mg S a + 7 H, O. Fu$. —Very 
easy, with intomesoence. UL <u2^— Water. Ch. — With cobalt 
nitrate, magnesia reaction, "^tfa soda» sulphur reaction. Add — 
Soluble in water. Bitter taste. 

33a Erabesdta (see Bomite). 

34. Fluor-spar. Oa F,. Flame — Oalcinm, fiubrlj good. Fut. — 
Decrepitates much, but finally foses nt 2-5 * 3 with ebullition. 
CL tube — Flnorine reactions well given. Sometimes phoa- 
phorescentb Add. — Fnsed with microcosmic salt on a glass 
slip, etches the glass beneath. Distinguished from calcite by its 
superior hardness and specific gravity. 

35. FrankhDite. (Fe, Zn, Mn) (Fe,, Mn^ O4. i\i#.— Infusible. 
Bar. and Micr, — Iron reactions. Ch, — Zinc encrustation, 
green with cobalt nitrate. Add, — Manganese reaction with soda 
bead. More or less magnetic even before reduction. 

36. Galena. Fb& .Ramtf— Lead. JW^Yery easy. CI tube 
— Thin white-yellow sulphur sublimate. 0. tube — ^After strons 
heating, a distinct and characteristic heavy sublimate of lead 
sulphate forms as a white streak on the under side of the tube. 
Clk — Lead encrustation fringed with lead sulphate. Metallic 
lead bead easily obtained. With soda, sulphur reaction. Add. — 
Colour and cubic cleavage characteristic, even in small ^ag- 
ments. For Argentiferous GMena, see p. 56. 

37. Garnet. Oommon varieties represented by (Oa^ Fe, Mg, 
Mn)3 ^Al^ Fe,, Or,) Si, (X,. j^u. — ^The common iron-alumina 
and lime-iron garnets fuse at 3. Mior. — Silica. AcUi, — The 
crystalline forms, rhombic dodecahedron, icositetrahedron, dec., 
are characteristic, and can be traced even in worn specimens. 
Hardness => about 7 ; specific gravity = about 3*5, but not safely 
distinguished thus from ruby (red corundum). The low 
fusibility of most varieties easily distinguishes red garnets 
from ruby, zircon, and spineL 

38. GOthite. £L Fe, O^. .^ut.— About 5. Bar. and Jiier. — 
Iron reactions. vL tube — ^Water. Ch. — In B. F. magnetic 
residua Add. — Soluble in H 01 after some time. Streak 
yellow-brown. Crystallises, and has somewhat higher specific 
gravity than limonite (4*2 and 3*8 respectivelyi averages being 
taken). 

39. Graphite. C. Fue. — Infusible. Bor. — In R F. gives 
dusky bead full of black flecks, resembling that due to 
molybdenum. Add. — Soils the fingers. Does not give the 
yellow-green flame of molybdenite, which has specific gravity » 



72 BLOWPIPB-BBAOnONS OF MINBRALB. 

4*5, that of graphite being only 2. Graphite is also blacker in 
colour. 

40. Gypsum. Ca S O^ + 2 Hg O. JTowia— Oalcium, with H CL 
Fu8, — About 2*5. CL tube — ^Beoomes white and opaque; much 
water. Ch. — ^With soda, sulphur reaction. Add, — Hardness = 
2. Soluble in H CL See Gelestine. 

41. Hsmatite. Fe^ O3. Fw. — Fusible on reduction in B. F. 
Bar, and Micr, — Iron reactions. CL tube — ^G^nerally a trace of 
water, but £ar less than limonite or gothite. CA.— In K. F. 
magnetic residua Add, — Slowly soluble in H CL Streak red 
(highly characteristic^ even of the black Specular Iron variety). 

42. Hemimorphite (Electric Calamine). H^Zn^SiOg. Fm. 
— 6. Micr. — Silica. CL tube — Water. CA. — ^Zinc encrustation. 
Add, — Soluble in HOI with formation of a stiff silica jelly. 
Commonly associated with some carbonate of zinc, which 
effervesces. 

43. Hornblende. (Mg, Oa, Fe) Si O3, with some Al, O, and 
Fe^Og.* Like augite. Prism-angle, however, 124*. Frequently 
in elongated prisms and even finely fibrous, as in asbestos. 

43a. Horn Silver (see Eerargyrite). 
435. Umenite (see Titanic Iron Ore). 

44. Iron. Fe. Fus. — Infusible. Bar, and Micr, — Iron re- 
actions. Add. — Magnetic. Soluble in HCl, giving yellow 
solution. Placed in a drop of aqueous solution of cupric sul- 
phate, becomes coated with metallic copper. Reduces the test 
solution of ammonium molybdate, producing a fine blue colour. 

Bare except in meteorites : the cupric sulphate test has been 
applied to microscopic sections. 

45. Iron Pyrites (Pyrite). FeS^. /W.— About 2. Bar. and 
Micr. — Iron reactions. CL ^2^6A-Abundant sulphur. Ch,^ 
Magnetic after reduction. Add. — Insoluble in H CL Crystal- 
lises commonly in cubes. Distinguished from pyrrhotine by 
more brassy colour, hardness ( = 6*0), behaviour with H CI, and 
particularly by not being magnetic before fusion. Marcasite is 
slightly paler in colour. See Marcasite. 

46. Kaolin. H^ Al, Si^ O^ i^t«.— Infusibla i/t©r.— Silica. 
CI, tube — ^Water. Ch. — ^With cobalt nitrate, a fine alumina 
reaction. 

47. Eerargyrite (Horn Silver). AgOl. JW— Very easy. Micr, 
— Silver reaction. With copper in the bead, colours the flame 
blue, indicating in this case chlorine. CL tube — Fused with 

* See Hintase, Mineralogie, Bd. iL, p. 1186. 
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potassium bisulphate, evolves H CL (Bromyrita evolves Bromine.) 
Ch, — Silver bead. AdoL — Usually brown on the surfiftoe ; waxy, 
«eotile. Bromyrite has similar characters. 

48. Eupfemickel (Niokeline). Ni As. Fus. — Very easy. Bar. 
and Micr. — Nickel reactions. If complicated by cobalt, must be 
treated as described under chloanthita CI. tube — No arsenic 
mirror. 0. tube — ^White oxide. Ch, — Arsenic encrustation. 
In R. F.» magnetic globula Add. — Insoluble in H CL Oopper> 
red colour characteristic. 

49. Labradorite. Frequently (NajAljSi^Oi«).2(CaAl,Si,08). 
Flame — Calcium and sodium, the former often overpowered 
by the latter. Fue. — 3'6. Jiior. — Silica. Add. — Slowly decom- 
posed by HCL Beat treated hj Szab6's method. Specific 
i;ravity « about 2'7. 

50. Limonite. H^ Fe^ O^ Like gdthite ; but specific gravity 
somewhat lower ( = about 3*8). Not found crystallised. 

M. Magnedte. MgOO,. .9W.— Infusible. (7A.— With oobalt 
nitrate, fidr magiiesia reaction. Add. — Effervesces fiedrly in 
hot H CI 

52. Magnetite. Fe, O4. Fu$. — 6. Bar. and Micr. — Iron re- 
actions. Add. — Slowly soluble in HCL Magnetic before 
reduction, attracting its own powder. Many masses show polar 
magnetism of opposite kinds. Compare notes on Titanic Iron 
Ore. 

53. Malachite. Cu C O^ + H^ Cu O^. Like asurite. Green 
colour highly characteristic. Distinguished from chrysocoUa by 
absence of silica and by less porcellanous aspect. 

53a. Manganite (see notes on Psilomelane). 

54. Marcasite. FeS,. Like pyrite. Somewhat lighter in 
-colour. Readily decomposed on exposure to the atmosphere. 
Occurs often as concretions in the Chalk. 

55. MispickeL Fe As S ( - Fe As, + Fe S,). Fui.—2. Bar. 
and Micr. — Iron reactions. CL ttie — Arsenous sulphide and 
^excellent arsenic mirror. 0. tube — ^White oxide. Ch. — ^Ditta 
M am etic residue in R. F. With soda, sulphur reaction. Add. 
— When containing cobalt, difficult to distinguish from smaltite, 
but contains far more iron, and is rhombic, not cubic, in cryBtal- 
lisation. 

56. Molybdenite, MoS^. Flame — Molybdenum, resembling 
barium. Fus. — ^Infusible. Bar, and Mior. — Molybdenum re- 
actions. 0. tube — ^Faint white molybdenum trioxide. Ch. — 
White encrustation, at some distance, when an unusually large 
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assay, is used ; this encrustation at once turns a fine blue colour 
when touched with R. F. With soda, sulphur reaction. The 
product of the soda-fusion, boiled with tin in H CI, colours the 
fluid greenish and finally brown. Add. — Bluer in tint than 
graphite ; marks paper with a greenish streak. 

57. Natrolite. Na2Alj|Si3Oi0+2H2O. Flame — Strong sodium. 
Fu8.—2. CI. fti&j— Water, ifter.— Silica. Add.— With H 01 
forms a strong silica-jelly. Hardness, like many zeolites, — 5*5, 
but often appears less, through fibrous structure. 

58. Nepheline (Elsolite). Approximately (Na,, K^ Al, Si^Og, 
but seems to contain slightly more silica. Flame — SodiuuL 
Fus.—3'6, i«er.— Silica. Add.— With HCl forms a strong 

silica-jelly. 

58a. Nickeline or Niccolite (see Eupfernickel). 

59. Nitre. KNOg. Flame— Fine Potassium. Fue—Vevj 
easy. CI. tube — ^Fused with bisnlphate of potash, gives off 
brown fumes, well seen on looking down tube. Ch. — Flares up 
directly it is touched with the flame, forming potassium carbon- 
ate. Add. — Soluble in water. Characteristic taste. 

60. Oligoolase. Frequently 5 (Na, Al^ Si^ O^^) . (Oa Al, Si, Og). 
Flame — Sodium. Fu8. — 3*5. J/tcr. — Sihca. Add. — Specific 
gravity ■> about 2*63. Not decomposed by HCl. Best treated 
by Szab6'8 method. 

61. Olivine. (Mg, Fe),SiO^. i^u*.— Infusible, i/icr.— SiUca. 
Add. — Most common varieties give a silica-jelly with HCL 
Transparent yellow-green appearance characteristic. H = 6 — 7. 

62. Orthoclase. (K2,Na,)Al2SiQOi0. /';an»<3— Potassium good» 
with blue glass. Often much sodium (Soda-Orthoclaso). Ftis. — 5. 
Micr. — Silica. Add. — Not decomposed by H CI. Spe<nfic gravity 
B about 2*56. Best treated by Szab6'8 method. Distinguished 
by high degree of fusibility from the other common felspars 

63. Pitchblende. TJfi^. Fus.—Q. Bor. and i/icr.— Uranium 
reactions. In Micr., generally silica. Add. — Liable to give many 
reactions due to impurities of sulphur, copper, &c. The mioro> 
cosmic salt beads are the most conclusive blowpipe-reaction. 

64. ProuBtite. Agg As S3 ( = 3 Ag« S . As, Sg). Fua.—l. Bor 
and Mier. — Silver reactions. CI. tube — Some arsenous sulphide^ 
0. tube — White oxida Ch. — Arsenic encrustation. With soda, 
silver bead and sulphur reaction. Add. — Streak scarlet-vermilion. 
(Miers) ; see Pyrargyrite. 

65. Psilomelane. Hydrous oxide of Mn, Ba, and K. Flams — 
Barium. Bar.&udMior. — ^Manganese reactions. CI. tube — ^Water. 
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Add. — Soluble in H 01 ; chlorine evolved, known by its smelL 
Manganite (H^Mn^OJ is often orjstallised, and yields no barium. 

66. Pyrargyrite. AggSb S, ( = 3 Ag^S . Sb^Sg). lake proustite, 
with antimony in place of arsenic. Uh, — Silver oxide encrusta- 
tion on antimony oxide. Add, — Streak purplish-red (Mien). 

67. Fyrolusite. Mn O^ J^.— Infusibla £or. and Mior.— 
Manganese reactions. CI. tuie — Oommonlv a little water. 
£volves oxygen, a glowing splinter of wooa inserted in tube 
being re-kindled as each puff of gas arises. A dd. — Soluble in H CI 
with erolntion of chlorine, which is known by its smelL 

68. Pyromorphite. 3 Pb^ P, Og + Pb CO^ Home — With sul- 
phuric acid, plumhorus reaction, the green flame surrounding an 
inner blue one aue to lead. Fu9. — VeiT easy. Micr. — With 
copper oxide, chlorine reaction. Ch — ^White lead chloride en* 
crustation ; nearer assay, lead ditto. With aod% metallic lead. 

69. Pjrnrhotine. ^^^^( = 6FeS.FeSA J^. — About 2. 
Bor. and Micr, — Iron reactions. CI tube — Scarcely any sulphur. 
Add, — Soluble in H 01, with free effervescence and evolution of 
sulphuretted hydrogen on boiling. Magnetic before reduction^ 
and attracts its own powder. See notes on Iron Pyrites. 

70. Quartz. SiO^ J^. — Infusible. J/ur.— Undissolved. 
Ch. — Fuses readily with soda ; cobalt nitrate added to the pro- 
duct produces a deep blue glass, as in ordinary fusible silicates. 
Add. — Hardness = 7 ; distinguished by its low specific gravity 
(2*65) from many colourless gems. 

71. Bedmfhite (Copper Glance). Ou, S. /^mtm— With H 01 
copper flames. JW. — About 1*5. Bor. and Mier. — Oopper re- 
actions. CI. tube — ^No sulphur. Ch. — With soda, or when 
roasted in O. F., metallic copper. With soda, sulphur reaction* 
Add. — SectUe. 

72. Bhodomte. MnSiO,. i\i«.— About 2*5. Jdr. and i/ter.— 
Manganese reactions. In latter, silica. Add. — With H 01 
commonly effervesces, through presence of some carbonate. Bose- 
red colour characteristic, but does not satisfactorily distinguish 
it from dialogite. 

73. Bock-salt. NaCl. Flame — Intense sodium. Ftu, — About 
1. Micr. — With copper, strong chlorine reaction (p. 61). Add, — 
Soluble in water. Taste characteristic, but similar to sylvine. 

74. ButUe. Ti Oj. ^t^.— Infusible. Bor. and Jftcr.— Good 
titanium reactions. Barely soluble in latter. Ch. — The soda- 
residue, boiled with tin in H 01, gives a strong titanium reaction 
upon standing. 
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75. Sal-ammoniac. N H4 CI. Fus. — Swells up and volatilises 
without fusion. Micr. — ^With copper oxide, chlorine reaction.. 
CL tube — Volatilises, forming dense white suhlimate and fumes. 
Add. — Evolves ammonia, known by its smell, when pounded up 
•or fused with sodium carbonate. Soluble in water. 

76a. Siderite (see Ghalybite). 

76. Smaltine. (Co, Fe, Ni) As^ Graduates into Ohloanthite; 
richer in cobalt See GhloanthiCe. 

77. Soda-Nitre. NaNOj. i%m«— Strong sodium. Fus. — 
Very easy. CL tube — Fused with bisulphate of potash, gives off 
brown fumes, well seen on looking down tube. Ch. — ^Flares up 
like nitre. Add, — Soluble in water. Saline taste. 

78. Sphene. CaSiTiO«. ^t«.— Fairly easy. Bar. asid Micr. 
— Titanium reaction. Silica in latter. Ch, — The soda-residue, 
boiled with tin in H CI, gives a clear titanium reaction. 

79. Spinel (Mg,Fe)(Al-,Fej)0^. jPw.— Infusible, thus differ- 
ing from similarly coloured garnets. Add, — Specific gravity less 
than zircon (about 4*0 and 4*5 respectively). See notes on Zircon. 

79a. Stibnite (see Antimonite). 

796. Stream Tin (see Gassiterite). 

80. Strontianite. SrCOj. -^/ame— Strong strontium. Add — 
Effervesces in cold H CI. Even very dilute solutions give, on 
standing, a precipitate with sulphuric acid. Compare with 
^aragonite or cialcite. 

81. Sulphur. S. FlamM — ^Burns with a blue flame. CL tube — 
Volatilises, giving sulphur sublimate. 

82. Sylvine. K 01. Flame — Strong potassium ; otherwise like 
rock-salt. 

83. Talc. n^MgoSi^Oig. ^t^«.— Infusibla The Umellffi bend 
.«way from one another during heating. Micr, — Silica. CL tube 
— A little water. Ch, — With cobalt nitrate, a fair magnesia 
resu:tion. Add. — Hardness recognisable as less than that of the 
micas, even with knife-point on small specimens. 

83a. Tinstone (see Gassiterite). 

84. Titanic Iron Ore (Omenite and titanifc^rous magnetite). U- 
menite = w Ti Fe Og + w Fe, Og. Fua. — Practically infusible. 
Bar. — Iron reactions. Micr. — Iron and titanium. Ch. — In R. F. 
magnetic residua The soda-residue, boiled with tin in H CI gives 
A satisfactory titanium reaction. Some specimens are magnetic 
before reduction. 

85. Topaz. (F, H O)^ X\ Si O^. (See Groth, Tab, Uebersichi, 



BLOWPIPR-BBACnONS OF MIKBBAL8. 77 

1898, p. 116.) i'lM.— Infusible, iftcr.— Silica. CA.— With 
oobalt nitrate, alumina reaction. Add, — Fuaed on glaaa slip aa 
described on p. 62, dulls and etches the surface. Distinguished 
from quartz by hardness = 8, specific gravity » 3*5, and presence 
of good cleavage (basal). 

86. Tourmaline. Borosilicate of various bases. Flame — Some 
specimens give boron flame when fused with fluor-spar and 
bisuphate of potash. Fus, — Various, but often easy. Mior, — 
Silica. Add. — Distinguished from hornblende by hardness « 7^ 
and very common occurrence of trigonal prisms. 

87. Tiviantte. FegPjO. + 8H,0. Flam&^Wiik sulphuric 
acid, phosphorus. Fu8, — '&sj. Bor, and Micr. — Iron reactions. 
CL tube — Becomes white; fd^^ off water. Ch. — Magnetic 
residue. Add, — Soluble in H CL Reduces the ammonium molyb- 
date solution, the blue colour mingling with the yellow precipitate 
due to phosphoric add. Blue colour characteristic, but alters to 
brown, becoming then red by transmitted light. Blue crystals 
strongly pleochroic. 

88. Websterite. Al^O^ + SH^O. i^t^*.— Infusible. CI, tube 
— Much water. (7A.— -With cobalt nitrate, fine alumina reaction, 
With soda^ sulphur reaction. Add, — Soluble in H 01. Specific 
gravity = 1-66. Alunite (K:^ Al^ S^ Og- + 6 H, O) has higher 
hardness and specific gravi^, and is insoluble in H CI. 

89. Witherite. BaCOj. /Tanw— Barium. i\<*.— 2. Add.— 
Eflfervesces in H CL 

90. WolflranL (Fe, Mn) W O^. /'t«.— Decrepitates, but fuses 
about 3. Bor, — Iron and sometimes manganese. Micr, — Iron 
and tungsten. C?u — The soda-residue, boiled with tin in H CI, 
gives a fine tungsten reaction. Add, — Carbonate of soda bead 
gives manganese reaction. Lustre and cleavage characteristia 

91. Wollastonite. Oa Si Og. Flame— Fine calcium with H CI. 
Fu8. — About 4; glows strongly. Micr, — Silica. Add, — Gives 
a silicarjelly with H CL Some carbonate often present. 

92. Zinc-Blende (Blende). Zn S. JTtw.— About 6. CI, tube-- 
Thin sulphur. CA. — Zinc encrustation, at times excellent with 
cobalt nitrate, poor in other examples; best produced when 
specimen is in R. F. Some varieties give cadmium encrustation. 
Ofben magnetic residue. With soda, sulphur reaction. Add, — 
Soluble with efiervescence in hot H CI, sulphuretted hydrogen 
being evolved. 

93. Zircon. ZrSiO^. /W. — Infusible. CA. — The soda- 
residue, after thorough fusion, treated in a dish with hot water,. 
gives abundant minute hexagonal platy crystals (zirconia) and. 
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rhombohedra ( t aodio xirconate). Examine on glass slm under 
microscopic power magnifying about 400 diameters. For dis- 
cussion of this reaction, see L^vy d^ Lacroix, MinSraux du Roches 
{1888), p. 117. If the soda and the siroon are not finely pul- 
yerised together and completely fused, a residue of zircon frag- 
ments alone appears. See notes on Garnet and SpineL 

INDBX TO MBTALUC (X)MPOUNDS. 



Aluminimn, 28, 29, 


Iron, 21, 23, 35, 38, 


Sodium, 29, 73, 77. 


46, 85, 88. 


41, 44, 45, 50, 52, 54, 






55, 69, 79, 84, 87, 90. 


Strontium, 19, 80. 


Antimony, 4, 66. 








Lead, 1, 20, 36, 68. 


Tin, 18. 


Arsenic, 22, 26, 48, 65, 
64,76. 


Magnesium, 15^ 31, 33, 


Titanium, 74, 78, 84. 


Barium, 12, 89. 


51, 79. 


Tungsten, 90. 


Bismuth, 13. 


Manganese, 65, 679 72, 
90 


Uranium, 63. 




v\/« 


Zinc, 16, 35, 42, 92. 


Caldum, 2, 5, 7» 17, 


Mercury, 25. 




31, 34, 40, 78. 


Molybdenum, 56. 


Zirconium, 93. 


Cobalt» 22, 26, 76. 








Nickel, 22, 48, 76. 


SnJGATBS. 


Copper, 11, 14, 24, 27, 
30, 53, 71. 






Potassium, 59, 82. 


3, 6. 10. 24, 32, 37, 42, 






43, 46, 49, 57, 58, 60, 


Chromium, 28. 


Silver, 8, 47, 64, 6& 


61,62,78,83,85,86,91. 



CHAPTER VIII. 



QUANTITATIYB FLAMB-BB ACTIONS OF THB FBLSPAR8 AND 

THBIB ALLIES. 

Prof. Szab6 of Budapest, by making more precise oertain flame- 
reactions indicated by Bunsen, developed in 1876 a new method 
for the determination of the felspars and allied silicates found 
in common rocks.* Practice has again and again shown that the 

* "Ueber eine neue Methode die Feldspathe anch in Gesteinen nir 
bestimmen." Franklin-Verein, Budapeet. 

An abstract oocurs in Proc Ameriean Anoc for Advatnc&meiU of SfAmot^ 
ToL JTTJ., 1882, without illustrations. 
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obeervationg made in this manner in the Bunsen-flame are as 
reliable as they are simple and ezpeditious. Gas is required, 
bnt a careful observer working on typical minerals with a blast- 
lamp might no doubt profitably oonstract a table of reactions 
with which to oompare the results given in the same flame by 
undetermined specimens. 

The Bunsen-bumer used by Ssab6 has a tube of 1 cm. 
diameter. A three-rayed support^ screwed on over the upper 
end until it rests 3 cm. below tLe orifiosy carries a removable iron 
cone 6 cm. high, 5*3 cm. in lower diameter, and 3 cm. in 
diameter above. 

The flame is 13 to 14 cm. high when the oone is not employed. 
The position of highest temperature, the fution^plcice, is about 
one-fourth of the total height of the flame above its base. 

The particle of feLspar or other mineral to be tested must be 
of a fixed bulk and about this sise • when fused to a globule ; 
it must be carefally selected from a roughly powdered sample of 
the rock of which it forms a part, and must not be touched by 
the finger nor immersed in water that is not distilled. The lens 
should, as usual, be used in the selection of such fragments, and 
the character of their deavage can often be noted as a pre- 
liminaiy. Should the mineral fly to pieces in the flame, Szab6 
recommends that a sample of the mineral should be allowed to 
decrepitate by heatine in a closed tube, the fragment finally used 
being selected from the material thus already broken up. 

The particle is supported on a platinum wire of about this 

thickness , of which 1 decimetre should weigh only 32 

milligrammes. The usual small loop is made at the end of the 
wire. 

To Mcwre ths particle an the wire^ a matter which some workers 
have found troublesome, but which need cause little ann<nrance 
considering the ease with which the observations are finally 
made, Szab6's directions should be carefully followed. Dip 
the wire loop in distilled water and touch the granule with it, 
quickly raising it, so that only the upper surface becomes wetted ; 
turning the wire, the dry suiH&ice of the particle comes upwards. 
Bring it in this position gradually near to the base of the Bunsen- 
flame, the water thus drying off slowly ; a card should be held 
beneatii the specimen to catch it if it becomes shaken off. 
Finally let it enter the flame and remain there for two seconds, 
the surfiftoe in most cases becoming fused to the platinum wire. 
The wire can be supported in various ways in the flame, the 
points selected being in the outer envelope at (a) the base of the 
flame^ (b) at 5 milHmetres above the base, and (c) the fusion- 
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pl&oe, ftbont 6 mm. above the top of the iron oooe. The present 
writer has described Uie following support as one that praotice 
has shown to be nsefdl.* (Fig. 9.) 



Fig, 9. 

A small gallipot, anch as is naed for Liabig'a extract, forms & 
base that is dean, strong, and adequately heavy. A brass wire, 
abont 3 mm. in diameter, passeB through the cork of this, and 
rises 16 centimetres above it, carrying a stoat cork A, which c&o 
be slid up and down to an; level. A steel wire or knitting- 
needle, some 26 cm. long, is pushed horizontally throngh A, the 
last 7 cm. on either side being then bent forwanl at right angles. 
Two small corks, B and B', are carried by the parallel arms thus 
formed, and support, by means of a knife-slit in the top of each, 
the fine platinum wires employed. B can be slipped off the steel 
wire, the mineral fragment can be attached, wiUi Prof. Szab6's 
precautions, to the platinum loop, and the carrier replaced 
without fear of loss by jarring. B' can be used for a type- 
specimen to be compared with that nnder examination, the wires 
on both corks being adjusted to exactly the same level, and one 
or other being brought at will into the flame. 

The oork A being set approximately at the proper height, the 
rotation of the steel wire within it moves B and B' equally in 
vertical planes, and gives a delicate means of fine adjustment. 
To secure uniformity of position in successive experiments, the 
platinum loop carrying the specimen is brought to the exact level 
of the top oi the Bunsen-bnrner, or to the level of the top of the 
iron cone. A small plate of wood, C, of the thiokness of 5 mm.. 
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!a then slid nnder the gallipot, the specimen being thus raiBed to 
the poeitions adopted by rrot Sza&S, without any of the diffi- 
culties that often arise from the jarring or stiffness of motion 
in more elaborate supports. 

The dimensions abore giTen are those adapted to a Bunsen- 
bumer of ordinary height and ordinary diameter of base. For 
packing, the erection can be taken down, and the 5-millimetre 
plate and the smaller corks can be kept inside the gallipot till 
required. 

Observation of Fusibility. — Ssab6's scale may be thus sum- 
marised. It is unfortunate that the desrees are numbered in 
Uie reverse order to those of Ton KobelX but this differenoe is 
easily learned. 

The numbers of the scale here given refer to the result 
obtained, whatever part of the flame is used ; thus, a mineral 
may have a fusibility of 1 in the point b and of 3 in the point c 
The product must be examined with a lens. 

0. Infusibla 

1. Edges and comers alone rounded. 

2. €kneral form unaltered, but edges, comers, and £Eu;es fused. 

3. Form altered, but not to a globule. 

4. Fuses to a globule. 

The time of heating is in each observation one minute, the 
specimen being tried first in the position a (base of flame), then 
moved to b (5 mm. above the base); then to c (5 mm. above the 
iron cone), notes being made of its appearance on withdrawal 
from each portion of the flame. 

On these observations Szab6 founds 8 degrees of frisibility 
among minerals, depending on the positions in which the above 
de8crn>ed reactions take place. 

Determination of Sodium and Potassium. — Held in position b 
(first row, fig. 10), the assay imparts a certain degree of coloura- 
tion to the Sama Five degrees are recognised, Na 5 being the 
most intense. The observer, with a drawing of these degrees 
before him, notes down the figure corresponding to the flame 
given bv his assay, and picks up an indigo prism or cobalt glass 
5 mm. tnick, through wmch he views the flame with the object 
of detecting potassium. Three degrees of the characteristic 
violet-red flame may be distinguished by a good eye (lowest row, 
fig. 10). All this can be done in the one miuute assigned to the 
observation ; at its expiry the wire is withdrawn and the degree 
of fusion also noted. 

The cone is put on and the same assay brought to 0, the 
fusion-place. In one minute similar observations of sodium 
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mad^ and the fasibilit; is again obaerred. The c^ourationa 




I. 2. 3 



UNiVt: 

WLUtm^MAoaovB or thk tkuparil ^^ ^Shr 

■honld be slightly atronger thui in b, the degree 3, for iosttnoo, 
now repre««iitiiig &n intenser fiune thtu 3 in the pnTions 
obMrv&tion. 

The msBAj ia now dipped in dtatiUed wftter and then into 
powdered gypsom, which thus adherei to and anrronndB it. Oa 
reheating in position o, the gjpsnm aaaista decompoiition, the 
sodium and potassiain being converted into salpnstes. The 
observation should be made when the assay has been two 
minutes in the fltune. 



/. Z A. 4. 

Fig. 11. 

It is nnnecessarj to obterre the sodium reaction exoept u % 
check ; but the potassium flame ia intensified and four degrees 
are diztingaishable (fig. II), No. 1 representing a quantity too 
minute for previous detection, 

Detemunation of Colcinm. — The lime in felspars and allied 
minerals can generally be inferred from the diminution of the 
soda and potash ; but its flame may be Been as follows ; — 

Fat fr'agments of the mineral in a glass tube with cold con- 
centrated hydroohlorio acid sufficient to completely oover them. 
Oloee with wax and leave for 24 bonrs. Then open and plunge 
in a &irly thick platinum wire, coiled at the end. The drop 
thna brought out is held in position b, and the first colour 
observable is due almost entirely to the caioium. A direct- 
vision spectroscope shows the red, orange, and green lines dis- 
tinctly. The flames due to sodium, potassium, and lithium 
follow in order, and the degrees observed during this operation 
often serve to distinguish minerals in which the aotnal percent- 
age of sods, Ac, is the same, a higher degree being shown by 
those more easily decomposed by acid. 
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TYPICAL REACTIONS. 



HmntAUL 


In potition b. 
nme 1 minute. 


Tn potition e. 
Time 1 minute. 


In 

position e 

2 minute*. 


Drop of the HCl 
solution, after 

digestion 
of particles fbr 

24 horns. 
Position b. 


Na. 


E. 


Degree of 
fusion. 


Na. 


E. 


Degree of 
fusion. 


K. 


Oa. 







0-1 
12 
2-3 
2-3 


Ka. 


K. 


1. Opthoelase, . 

2. Soda-Ortho- \ 

elase, / 

3. Albite, . 
4.0Ugoelase» . 

5. Andesine, . 

6. LabradoritQ, 

7. Bytownite* . 

8. Anorthite* . 


1-3 
3-4 

5 
3-5 
3-4 
2-3 
2-3 
1-2 


23 

1 









IS 

S4 

S'4 
t4 

ts 

0-$ 
0-1 
0-1 


1-3 

3-4 

6 
4-5 
34 
2-3 
23 
1-2 


2-3 
12 










S'4 
4 

4 

4 

S4 

ts 

IS 
01 


3-4 
2-3 



1-2 
1-2 
1-2 
0-1 
0-1 


1-2 

1-2 

12 
2 
2-3 
2-3 
1-3 
1-3 








0-2 
0-1 
0-1 
0-1 

4 
3-4 

8 
1-8 
1-3 


9. Leueite, 

10. Nepheline, . 

11. Nosean, 

12. Haiiyne, 

13. SodaUte, . 


2-3 
6 
6 
6 
6 


3 
1-3 

1 
1-2 
0-3 


1 

ts 

1 
1 

IS 


2-3 
5 
5 
5 
5 


3 
2-3 
12 
13 
03 


S'4 

ts 

3-4 


4 
3-4 
2-3 
2^ 
0-3 








0-3 

0-1 


2-3 
6 
6 
5 
5 



A table based on those prepared by Szab6 is given above. The 
degree of fusion is stated according to the modified scale adopted 
on p. 81. The observer draws up a blank form on the same 
lines, notes into it each observation numerically as soon as made, 
and compares the whole result with the series given in the table. 
A good plan is to take each result separately and write down 
all the felspars or allied minerals to which it might possibly 
correspond. A comparison of the brief lists thus formed enables 
one to pick out the name that occurs most frequently, or the two 
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between which the mineral must lie. These reactions, performed 
upoa minute grains, and ooonpTing altogether about ten minutes, 
have a great value to the geologist, however simple they may at 
drst appear to the chemist, mindful of his refined but lengthy 
methods of analysis. 

The determination of potassium in the flame is rendered 
easier by the following process,* which allows of a complete 
decomposition of the silicate, and which is unaffected by the 
presence of a bright sodium flame. On a loop of platinum wire, 
2 mm. in diameter, form a bead of sodium carbonate. Moisten 
this with water, and pick up about 2 cubic mm. of the mineral — 
«.6., about twice as much as is used in SzabiS's process. Place the 
wire on the support in position C, 5 mm. above the cone. The 
specimen does not tend to &11 off, but is soon attacked and dis- 
eolved. Leave for two minutes by the watch. 

Then obsenre the flame through 5 mm. of blue glass. The 
bright sodium flame is cut off, except for a marginal column, 
which comes through blue. If potassium is present, it is revealed 
by a pink-violet inner fringe to this blue column. Judging from 
its extent and also its intensity near the assay, three grades can 
be established. 

Grade 1 i- about 4 per cent, of potash. 
i> 2 — „ 8 „ 
„ 3 — „ 12 „ 

The ease of manipulation in this method, and the completeness 
of decomposition, seem to recommend it. It is also of service in 
examining the glassy or fine-grained groundmasses of igneous 
rocks. All true orthoclases &11 in grade 3 ; but each observer 
«boald establish the grades for his own eye upon specimens 
^ ready known. 
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CHAPTER IX. 

BZAMIHATION OF THB OFTIOAL PB0PEBTII8 OF MINSBAL& 

Ih a book written for the geologist rather than for the mineral- 
•ogist, a detailed account of the optical properties of minerals, as 
observed in slices cut from them in known directions, would be out 
of place. The appearance of the common rock-forming minerals in 
* G. Cole, '< Potsuiom in SiUoates," CfeoL Mag., 1898, p. 108. 
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ordinary microscopic sectioas is stated in Chapters xtL and xviL 
It will be well, however, to indicate at onoe some of the terms 
that may be employed in describing the phenomena then ob- 
served.* It has long been customary to introduce into these 
terms the hypothesis of an incompressible ether, of elasticity 
variable with the direction of its displacement; but^ as Mr. 
Fletcher has pointed out, changes of view as to the nature ot 
the ether have rendered such phraseology undesirable. 

If we take a plate cut from a doubly refracting crystal, but not 
perpendicular to an optic axis, and cause a ray of ordinary light 
to strike it in a direction perpendicular to its surface, this ray, on 
entering the crystal-plate, is split into two, which respectively 
vibrate in planes that are perpendicular to one another. The- 
traces of these two planes on the surface of the plate may 
be called the vibration-traces for that particular section. They 
have also been styled the *' vibration-directions," and '' directions, 
of greatest and least elasticity," for that particular section. 

The ray corresponding to one of these traces is propagated 
with greater velocity than that corresponding to the other trace. 
We may call one trace, then, the fiEtst-ray vibration-trace, and the 
other the slow-ray vibration-tracef, or ''fiut-ray trace" and <<slow- 
ray trace" where shortness is desirable. These correspond to 
Prof Groth*s "vibration-direction of greater light-velocity," and 
"vibration-direction of less light- velocity ;" and to the n', and n'g of 
MM. Michel L^vy and Lacroix|, who distinguish the directions as 
those of rays with smaller or greater refractive index respectively. 

It is of interest to observe that the vibration-traces represent 
the directions of the axes of the ellipse which is formed by the 
intersection of the plane of our crystal plate with the optical 
indicatrix, or surface of reference for rays propagated in any direc- 
tion in the crystal. The vibration-trace of the slow ray corre- 
sponds to the long axis of this ellipse (n',)§, and mce versd, and 
the lengths of the two axes are proportional to the refractive 
indices for rays of the same colour vibrating parallel to them 
respectively, and travelling normally to the surfaces of the plate. 

* For a diflonssion of the principlos underlying the optical propertiei of 
minenJs, the reader shonld Bpeciallv consnlt S^tcher's OptiecU indicatrix 
(iftn. Mag,, toL ix., 1891, p, 278 ; aiao iasned m a separate work, reriaed, 

Sublished by H. Frowde, 1892) ; also Groth, Physikalische KrytUdlographie^ 
rd edition, 1894 ; and Preston, Theory oflAaki, 3rd edition, 1901. 
1 1 am indebted to Mr. L. Fletoher, F.R.S., for generous help in the 
disoossion and selection of the above teams. 
X Lea MifiSraux dea RocheSf pp. 3 and 4. 

§ Or, as Mr. Fletoher mnemonically puts it to me, the longer trace is the 
longer-time vibration-traoe. 
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The indicatrix of a biaxial crystal ia an ellipsoid, the three 
axes of which, perpendicular to one another, have different 
lengths; it has three planes of symmetry, each of which contains 
two of the axes, and is perpendicular to the third axis. If a ray 
of light is propagated along a line, other than an optic axis, lying 
in one of these planes of symmetry, it trayels with one or other 
of two different velocities. In one case the ray yibrates per- 
pendicularly to the plane of symmetry, and therefore parallel to 
ike axis which is perpendicular to that plane; the vibration- 
direction in the other case is parallel to the plane of symmetry. 
The velocity of the former ray is constant, in any particular 
crystal, whatever the direction of propagation of the ray may 
be within the plane of symmetry; its refractive index is also 
oonstant, and it is, in this respect, an '< ordinary " ray. 

There are, however, three different indices of refraction for 
the three ordinary rays that correspond to the three planes of 
symmetry respectively. Seeing that rays of the various colours 
composing white light suffer refraction in different degrees, these 
indices are determined with monochromatic light, the sodium 
flame being generally used. They are styled the principal indices 
of refraction of the crystal The smallest is usually designated a, 
or n^ of French authors ; the mean is j8, or n^ ; and the greatest 
is 7, or n^ Since the value of /3 is not the arithmetic mean 

between a and 7, the result of ^ — ^ is employed to express 

the amrage refractive index of the mineral This may be briefly 
termed the ^* refractive index of the mineral.'' A very high 
refractive index for rock-forming minerals is 2*712, that of 
ratile; while 1*433, that of fluor-spar, is a low refractive index. 

By definition, the axes of the optical indicatrix of a biaxial 
crystal are proportional to the principal indices of refraction ; 
the length of the shortest axis is thus expressed by a or ti^ that 
of the mean axis by jS or n^ and that of the longest by 7 or n^ 

In the case of a doubly refracting biaxial crystal, there must 
be one section in which the difference in the velocities of the 
slow ray and the fast ray, travelling perpendicularly to the faces 
of the plate, is as great as possible for that particular mineral ; 
such a section contains the longest and shortest axes of the 
optical indicatrix. Consequently, the &8t ray for this section 
will be the ray of least refractive index in the crystal as a whole; 
and its direction of vibration will be that of the shortest axis of 
the indicatrix, the German a, or the ''axis of greatest elasticity'' 
of the older elastic theory. The slow ray for such a section will 
similarly be the slowest possible ray, or ray of greatest refractive 
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index, and its vibration-direction will agree with the longest 
axis of the indicatriz, •.«., with the German C, or the ''axis of 
least elasticity " of the older elastic theory. 

In uniaxial crystals — i.6., crystals of the hexagonal and 
TETRAGONAL systems — any section parallel to the principal axis 
(optic axis) of the crystal contains these two directions, one of 
which corresponds to the principal axis, and the other to any 
line perpendicular to it; and such a section is required in 
describing the optical properties of a mineral of either of these 
systems. 

If the principal axis is the Tibration-direction for the slowest 
ray, the crystal is called positive; if for the &stest ray, it is 
called negative. 

In biaxial crystals, the section containing the longest and 
shortest axes of the indicatrix is always the plane of the optic 
axes. Two of the axes of the indicatrix bisect the acute and 
obtuse angles between the optic axes, and are therefore styled 
the ctcute and obtuse bisectrices respectively ; they are necessarily 
perpendicular to one another. If the vibration-direction for the 
slowest ray bisects the acute angle between the optic axes, the 
crystal is ciBJled positive; if this angle is bisected by the vibration- 
direction of the fastest ray, the crystal is called negative. 

In crystals of the bhombio system, the axes of the indioatrix 
are coincident in direction with the crystallographic axes, and 
the optic axial plane is parallel to one of the three planes of 
symmetry of the crystal The vibration-directions for the slowest 
and fastest rays correspond to those of the two crystallographic 
axes that are contained in a section parallel to the optic axial 
plane. The third axis, perpendicular to the plane of this section, 
is the French ti^, the German b, and the <* axis of mean elas- 
ticity " of the older elastic theory. For the section containing h 
and B, i will coincide with the ^ow-ray vibration-trace ; but for 
that containing b and x, b will coincide with the £Bkst-ray vibra- 
tion-trace. 

In crystals of the monoolinio system, the optic axial plane is 
either parallel to the plane of symmetry — t.^., to the clinopinacoid 
—or is some plane perpendicular to this. In the former case, the 
bisectrices make angles with the vertical crystallographic axis, 
which vary for different mineral species. In the latter case, one 
of the bisectrices, corresponding either to a or jC, according to the 
species, coincides in direction with the orthodiagonal ; the other 
coincides with the trace of the plane of symmetry. 

In the TBiOLiNic system, there is no relation between the 
axes of the optical indicatrix and those of crystallographic form. 
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The tennfl, as applied to crystal-seotions, laaj now be summed 
«p as follows : — 

Fastest-ray vibration- trace i- direction of vibration for rays of 
least refractive index and greatest velocity, the direction of pro- 
pagation being perpendicular to the section ; -> '' axis of greatest 
-elasticity." Symbol a, a, or fi^. 

Slowest-ray vibration-traoe i> direction of vibration for rays of 
greatest refractive index and least velocity, the direction of pro- 
pagation being perpendicular to the section ; i- ^^ axis of least 
elasticity." Symbol c, /i or n^ 

It should be remembered that the two latter symbols in each 
case represent actual numbers, which are the reuractive indices 
for rays vibratine parallel to the directions for which they 
respectively stand. 

While the applications of the optical properties of minerals will 
be dealt with in connection with the microscope (pp. 141 to 153), 
yet one important property may be treated here, since it can be 
observed in ordinary specimens, without the use of sections. 
This is the phenomenon of pleochroisni. 

Pieochroimu— Several minerals which are coloured and yet 
&irly transparent exhibit their pleoehroism in ordinary crystals. 
When held up between the eye and the light, either in the 
fingers or cemented to a little stick, and turned about in various 
directions, a change of tint may be peroeptible according to the 
direction in which the light traverses the crystaL Yivianite 
and transparent andalusite can easily be examined in this way. 

The extreme colours thus observed are the *' fru^e-colours " 
(FUichen/iurben) of Haidinger; but the "axis-colours" (Axen- 
jarbm) prove with more oertidnty that a mineral is pleochroic 
and enable one to correctly describe its characters. The colour 
-of any £ftce is, in fr^^t, oompounded of the colours of two groups 
•of rays into which the Ught entering the crystal has been 
divided Brewster* in 1819 passed polarised light through a 
aumber of specimens, noting the extreme differences of tint pro- 
daced by bringing dLSerent directions in the crystal parallel to 
" the plane of primitive polarisation." This is the method now 
made use of in observing the axis-colours of minerals in micro- 
Boopic sections (see p. 143). Haidinger,t however, by his 
JMchroscope (diehro$kopische Loiu/p^)^ made both the axis-colours 

* PhU. JVoiM. Roy. Soc, 1819, p. 11. 

t AbhandL hOhm. OuelL dmr Wi9$eH$chekfbm, v. Folge, Band 8 (1844); 
taprmtcd in Poyyouior^'s^sina^ Bd. bO., p. 802. Bee t^MO Pogg. Anm.t 
IxT. (1845), p. 4. 
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▼isible at once. This instrument can be easily obtained, is very 
portable, and proves in many cases valuable in the examination 
of transparent minerals, such as gems. 

A brass tabe, some 6 cm. loug, encloses a cleavage-prism of 
calcite, the longer edges parallel to the axis of the tube. On 
each end of tiie calcite is cemented a small glass prism of about 
18*, which makes the terminal sur&ces vertical and prevents the 
rays from being so strongly refracted as to necessitate a stouter 
instrument. Prof. Church states that as an alternative method 
the ends of the calcite may be cut off perpendicular to the longer 
edges. 

At one end of the tube is a magnifying lens, at the other a 
small square aperture, the image of which is sharply seen 
through the lens. But this image is doubled by the calcite ; and^ 
if a pleochroic mineral is held against the aperture, the two 
squares seen will be of different colours. The mineral must be 
viewed in some direction other than that of an optic axis, and 
must be turned about until the maximum difference of colour ia 
observable in the two images of the square, in which case the 
vibration-traces of the two groups of rays emerging from the 
crystal-face are parallel to those of the calcite rhoiubohedron. 
Consequently the rays of one group are already vibrating 
parallel to one of the planes into which the doubly-refracting 
calcite would tend to bring them ; these rays therefore are not 
doubly refracted by the calcite, but come through to the eye 
entirely in one of the two images formed. Similarly the other 
set of rays from the crystal, being at right angles to the first, 
comes through entirely in the other image formed by the 
dichroscope. Thus the colours due to each set are completely 
separated for examination, and this will again occur on rotation, 
of the dichroscope through 90*. 

It will be remembered that uniaxial crystals are dichroic and 
biaxial are trichroic. Thus, if a prism of beryl or tourmaline is 
rotated about its longer axis, no chcmge of fiice-colour will be 
perceptible to the eye, and, a &r surer test, the colours of the 
two squares seen with the dichroscope remain respectively the 
same and at their maximum difference. But if a biaxial crystal, 
such as topaz, is thus examined, changes will take place in the 
axis-colours as different faces are viewed. Such observations 
should, however, be conducted on cylinders or on sections of 
equal thickness, and the complete determination of the character 
of the p^eochroism of a particular mineral is beyond our present 
aim. ^ut the mere &ct that a mineral is pleochroic is often of 
considerable valua Thus garnet and red spinel may be dia> 
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tinguished from raby, minerals of the oubio lystem being optically 
similar in all direotions, and oonsequentlj exhibiting no pleo- 
chroism, while mbj gires pink-red and yellow-pink axii-colours^ 
Glass imitations of emerald, ruby, or sapphire may be similarly 
detected, and this too in cases where the natare of the specimen 
renders other tests undesirable. 

We may note in conclusion that Haidinger's first experiments- 
were conducted with a plain cleavage-prism of caloite, at one end 
of which a stop with a square opening was placed. The dichro- 
scope can now be obtained from London mineral-dealers or 
opticians, at prices varying from about 15 to 20 shillings. 



THE EXAMINATION OF ROCKS. 



" As for the earth, underneath it is tamed np as it were by fire. The 
atones thereof are the place of sapphires, and it hath dost of gold." — The 
Book of Job. 

'' No arrangement can pretend to define and separate those objects which 
the hand of nature has neither defined uor separated." — Johk Maooullogh» 
A Geological ClaaeificcUion <^ Bocks, 1821. 



CHAPTER X. 

INTBODUCTOBT. 

Whilb a mineral may be to a large extent discussed and 
determined in the laboratory, a rock, considered as a part of the 
^earth's crust, and not as a mere aggregate of chemical compounds, 
requires a very full knowledge of its mode of occurrence before 
it can be properly treated of and described. In fact, after a 
study of a number of type-specimens, the student is recommended 
to go out to some well-described d^trict, and to endeavour to 
recognise the varieties of igneous and sedimentary rocks by 
•careful observation in the field. In this way alone can he 
appreciate the various modes of weathering, the massive or 
minuter structures due to jointing, the smooth or rugged 
outlines, that characterise the masses of which his hand-specimens 
form a part He will meet with many difficulties of determina- 
tion, and will procure a store of well-selected material on which 
to work during less propitious davs. Questions will arise, even 
during microscopic examination, that will send him back to gain 
further information in the field; and in the end his investigations 
will have far more geological value to him than any knowledge 
leathered in type-collections or museums. 

The notes that follow presuppose that the specimens have been 
•collected in the field; that at any rate something is known about 
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their mode of oocarrence and their relation to other parts of the 
same mass. Weathered specimens shoald he avoided as a rule,, 
bat often reveal structnres hidden in the unaltered portions. 
Collections made from stream-heds or taluses are often useful for 
showing the general character of a district ; hut rocks so gathered 
are seldom of value for detailed study. Nothing short of striking 
the rock-mass in situ with the hammer, and taking in with the 
eye its position and surroundings, even to the broader features- 
of the landscape, should content the geologist who would follow 
worthily the founders and masters of the science. 

The points of interest presented by various types of rock will 
be dealt with later. Broadly speaking, in the case of sedimentary 
rocks specimens should be collected showing weathered surfaces- 
and also freshly exposed hedding-planes, since minute structures, 
fossils, &c, are best made out by a comparison of these. In the 
case of igneous rocks, specimens must be taken from the centre 
and from the edges of any dyke or lava-stream, and contact- 
phenomena repay the closest examination. 

The pocket-lens and the knife are, in the field, of paramount 
value. To one, moreover, familiar with microscopic sections, a 
number of structures and mineral-forms will reveed themselvea 
with unexpected clearness when a ^irly smooth surface of the 
rock is examined with the lens alone. The pocket-knife must be 
used freely, as in the case of minerals, in estimating the hardness 
of a rock. The angle of a steel hammer, drawn across the £M)e, 
often gives similar information. All rocks tend, however, te 
have a hardness a little below that of their principal constituents, 
owing to looseness of texture or development ox decomposition- 
films between the grains. But granular limestones can at once 
be distinguished hy the knife from the unscratchable quartzites ^ 
basalt, which is scratched with some difficulty when fr^sh, can in 
this state never be confused with black limestone or compact 
dark shale — mistakes that have been often made during the 
hurried examination of hand-specimens. The acid-bottle, owing 
to risk in carrying and the necessity of employing heat in many 
tests, is seldom of great advantage in the field, though in the 
laboratory it should always he at hand. Dry citric acid, as 
already described, may, however, be conveniently carried on 
excursions. 
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OHAPTER XL 

BOOK-STBUCTURBS EASILY DISTINOUISHBD. 

The structure of a rock naturally demands the first attention. 
In the majority of cases evidence can be obtained in the field 
respecting the mode of origin of the specimens collected, and only 
their systematic position will remain to be determined. Rocks 
may be divided according to their more obvious structural 
xshiuracters into the following groups : — 

Group A. — Coarsely FBAGMSirrAL Rocks. 

Stratification may or may not be present. In gravels and con 
glomerates current-beddinff should be looked for. The position 
of the pebbles, with their longer axes lying in planes parallel to 
one another, will often give a clue to the bedding or the local 
dip. The degree of rounding of the pebbles, their average size, 
and any evidence of crushing and recementing that they may 
liave undergone since their deposition, are structural points that 
may prove of considerable value. 

If the fragments forming the rock are very angular, we may 
be dealing with an old talus unworn by water, with a volcanic 
agglomerate, or with a mass brecciated subsequently to its con- 
solidation. The nature of the fragments will probably decide the 
first and second cases ; in the third, we must search for slicken- 
sided sur£9Lces, which should be abundant, and must study the 
relations of the fragments one to another. If the rock is a 
friction-breccia, detached portions of larger blocks will be found 
lying suggestively near their parent masses, the interspaces being 
filled with a sort of fitu It-rock. Other blocks will be fitulted without 
being actually broken asunder ; but there are, of course, cases, 
especially of fragmental rocks that have been affected by earth- 
movements, which are particularly hard to settle. Near faults, 
in contorted mountain-districts, and especially where softer rocks 
jkbut against harder and more resisting masses, this brecciated 
:8tructure may be looked for and expected. 

Gboup B. — Obdinaby Stbatified Rooks. 

The points to be ordinarily examined in these are the character 
•of the bedding, which may be so fine as to produce a laminated 
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irtractuFe; and the degree of coarseness of the oonstitnents. The 
texture of the rook may thus be granular and grit-like, or quite 
microgranular and compact. Fme-grained volcanic tufb and 
wishes must often be clashed with ordinary sediments until the aid 
of the microscope can be called in. Abnormally large fragments 
in a rock of fine texture, particularly if they consist of exceptional 
materials, may often be ascribed to the action of floating ice. 
Examples of this kind are the granite and other boulders that 
liave been found in chalk. 

Oolitic and pisolitic structures, the latter, as commonly under- 
wood, being a coarse development of the former, are comparatively 
<x>mmon among limestones. With a lens, the concentric coats of 
the egg-like granules can be clearly seen, and often a central 
nucleus, some fossil or mineral firagment, can be detected in those 
that have been neatly fractured. On the weathered surfaces of 
«ome oolites, such as the Himant limestone, the structure is 
brought out with great distinctness. 

On the sur£Bu>e of the stratified layers, ripple-marks, casts of 
sun-cracks and worm-burrows, footprints, and other signs of a 
littoral origin, may often be detected in the field. The relations 
-of the fossils to the bedding-planes must also be observed ; in 
Mome instances mollusca are found embedded in the position in 
which they lived in muddy banks ; in some beds again, bivalves 
will be found commonly entire ; in others the separation of the 
valves and the rolling of the fossils generally will give evidence 
of troubled waters at the time of deposition. Derived fossils 
must not be overlooked. 

The nature of the cementing material in a granular rock must 
be examined. Interesting and exceptional substances, such as 
bain^tes, have been occasionally found to play this part. 

Uoncretions must be studied from a mineral stand-point. On 
being broken open, they often show shrinkage-cracks filled with 
products of infiltration, giving rise to a septarian structure. 
Fossils and various original structures are often preserved 
in the concretions when lost by alteration in the surrounding 
jrock. 

Lastly, the Joints must be inspected. They may be filled with 
secondary minerals, and their bounding surfaces may at times be 
«lickensided by earth-movements. 

We must bear in mind that, associated with ordinary frag- 
mental stratified rocks, there often occur bands of crystalline 
material, such as rock-salt and alabaster, which have been 
deposited from solution and which exhibit a massive structure. 
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Oboup 0. — Olsatid ahd Foliated Rooks. 

CleaTage must be distiDgaiBhed from lamination, hand-speci* 
mens at times leaving this point nnsettled. Traces of the- 
original bedding must be keenly looked for, and hard resisting 
bands or coloured stripes at an angle to the cleavage-planes often 
afford the necessary evidence. Fossils will sometimes be found 
distorted on the cleavage-planes. A rippled wavy structure, the- 
herald of foliation, often causes the cleavage to become impeHect. 

Foliation consists in the grouping of the mineral constituents- 
along sur&ces that are parallel to or follow the curvature of one- 
another. Although the development of minerals, notably mica, 
along some cleavage-planes connects cleavage and foliation, in 
many cases the latter structure is due to the rolling out, as in & 
mill, of previously crystalline materials, so that each fragment 
assumes the form of a much extended lenticle. Hence it is 
important to trace, if possible, the passage of a foliated rock into- 
one with normal structure, whether igneous or sedimentary, and 
too much care cannot be devoted to the question as to what- 
minerals in the schistose product are deformed primary sub- 
stances, and what have, on the other hand, been developed 
during the period of cru^ and pressure. 

The resistance of large pre-existing crystals produces the eye* 
structure of many gneisses, the smaller constituents flowing 
round the larger ones and tailing out in streams on either side. 
This structure is best seen on sur&ces perpendicular to the 
planes of foliation. 

Barely, but most interestingly, true pebbles remain, unorushed 
and recognisable, in foliated rocks, as evidence of their former 
sedimentary origin; but it must be remembered that the* 
crumpled or extended foliation- planes themselves do not 
necessarily represent original surfaces of lamination. 



Qboup D. — Rooks that have Consolidated from a Statb 

OF Fusion (Igneous Rooks). 

The relations of these to the surrounding masses will ' often* 
decide their mode ot origin ; but in an unfortunately large 
number of cases the exact contact-plane cannot be examined, 
and the junction is, indeed, often faulted, owing to the difiference 
in hardness and compressibility of the igneous mass and the- 
adjacent sediments. We may subdivide this extremely 
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group by oertain well-marked types of stmoture. We mutt 
premise, however, that in the rocks of any sabdiyision the 
constitution may be either approximately uniform throughout, 
or one or more of the crystalline constituents may be developed 
on a larger scale than the rest. In the latter case the rock 
possesses porphjiitic structure in addition to any other that may 
be present. A glassy rock with fairly conspicuous disseminated 
crystals is similarly said to be porphyritia 

Prof. Iddings has styled the obvious porphyritio crystals of a 
rock phenooiysts. Those crystals that have been derived from 
some other rock, and are foreign to the magma in which they 
are now found, are called by Prof. Sollas xenocrysts. 

Columnar structure is also common to igneous rocks of what- 
ever graiu. Arising as a phenomenon of contraction, it produces 
columns in the selvages of volcanic dykes ; or the bold examples 
at the base of massive lava-flows, so conspicuous in the West High- 
lands or Auvergne ; or the yet coarser and less regular columns 
to be seen in many granitic rocks. The columns, large or small, 
though typically hexagonal, are often trigonal, rectangular, or 
pentagonal, or have even seven or eiffht sur&ces of contraction. 

The spheroidal structure, in which the rock breaks up into 
roughly or regularly concentric coats, though often developed by 
mere weathering and exfoliation of the sur£BU)es of jointed blocks 
or boulders,* is typically due to curved surfaces of contraction. 
Its coarser type may be seen in granite, and its most delicate 
type as the perlitic structure of glassy rocks. The << pillow- 
structure *' of some basic rocks is a variety of the spheroidal, 
arising probably during movement of the lava. The pillow-like 
masses, fitting into one another, are often more glassy in their 
outer layers, ^ee Quart, Joum, Oeol, Soc^ voL xlvi., p. 312, 
and C^logical Survey memoir on '* Silurian Rocks," voL i., pp. 
85 and 431, and plates I. and lY.) 

Drasy structure (*' miarolitic " structure) may also occur in all 
types of igneous rocks, when crystals, often of great beauty, are 
developed on the walls of cavities in ^e mass. 

In banded structure, the crystals, or masses of differing com- 
position, are carried out by flow into separate bands. This is 
most commonly seen in glassy rocks, where the spherulites and 
crystallites are commonly arranged in bands. 

SvihGhroup 1, — Olasay Bocki. 

To the eye, and even to the lens, some igneous rocks appear 

* For oases on a Urge scale, see Branner, ** Deoompodtion oC Rooks in 
Brazil,'' BvH Oeol. 8oe. qf America, voL vii (1896), p. 277. 

7 
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completely glassy. They are liable to be traversed by minute 
joints, and occasionally the little blocks into which the rock is 
diyided are again broken up during contraction by beautiful 
curved rifts, giving rise to the perlltic structure. Such rocks 
were called '* Perlstein " early in this century, since the fflass 
becomes divided into little globes, which have, on account of the 
flaws, a nacreous or pearly lustre. On the smooth surface of 
masterjoints cutting across the rock, the structure reveals itself 
to the lens as a series of fine lines curving like the fronds of an 
opening fern. These are often, as in many of the beautiful 
Tertiary examples from Hungary, marked out by light yellow or 
brownish lines of iron oxide, the result of incipient decomposi- 
tion. (See fig. 42.) 

Sphemlitic Structure. — This arises when {he crystallising 
material separates out frt>m the glass in globular aggregations, 
which vary from a millimetre to 5 or 6 cm. in diameter, and may 
even reach the dimensions of 1 metre. A radial structure is often 
seen in the spherulites, and sometimes they are built up of 
concentric coats. At other times, particularly in large examples, 
the centre is hollow, or has become filled with chalcedony or 
calcite during alteration of the rock. Except in highly altered 
cases, the spherulites are easily distinguished from the glass, even 
when little difference can be detected under the microscope. 
They are lighter and commonly browner in colour, and sometimes 
become easily detached from the matrix. In highly silicated 
rocks, they are more easily decomposed than the surrounding 
glass, becoming occasionally soft and powdery while the matrix 
remains fresh and lustrous. 

Lithophyse-structure. — ^A comparatively rare form of sphem- 
litic structure. The lithophyses ("stone-bladders") were so 
named by von Richthofen* from the supposition that their 
hollows were caused by the expansion of vapours in the interior. 
The lithophyse looks Uke a large spherulite, the concentric coats 
of which are separated from one another by interspaces, in which 
minute crystals have commonly been developed. In older ex- 
amples, these hollows have been filled up, as in the case of the 
large altered spherulites already referred to, so that the litho- 
physe consists of alternating shells of ordinary lithoidal spherulitic 
matter and quartz, chalcedony or calcite. Beautiful drawings of 
the lithophyses of the Yellowstone Park accompany Mr. Iddings's 
paper on Obsidian Oliff in the Seventh Annual Report of the U.S. 
Geological Survey (for 1885-86), p. 249. 

* ** Studien aas den ungarisoh - aiebenbttigiBchen Traohytgebirgen*'* 
Jahrbueh der k,'k. geol, ReichsanstaU, 1860, p. 180. 
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Flmdal Stmctnre. — ^Though commonly associated with banding, 
this Btmcture may occur in a simple form when, owing to the 
motion of the rook, all the crystalhtes and crystals are carried 
along with their longer axes parallel to one another. As has 
often been pointed out, the phenomena produced by the flow of 
these -viscid glassy lavas are reproduced m the structures due to 
pressure-metamorphism. Like sur&ces of foliation, both the bands 
and lines of flow show frequent involutions and contortions. 

Flow-Brecda Structure. — Lavas, especially glassy ones, are often 
torn to pieces by differential movements during flow ; what have 
been called "agglomerate-lavas" thus arise, with a brecciated 
structure that causes them in the field to resemble tufib. 

Pumiceons and Scoriaceoas Structures. — The rock may be 
completely glassy, with numerous elongated steam- vesicles, as in 
pumice; or more lithoidal and less completely vesicular, as in 
oommon scoria. Such rocks often become ftmygdaloidal (see 
p. lUO). 

SulhGraup 2,^L%iKo%dal Roek: 

In this division we bring together rocks of a '' stony ** ap- 
pearance, such as the ''lithoidal lavas" of old continental 
writers, which may or may not contain some glassy matter. 
All the common " porphyries," as well as most lavas, will fall 
here, and their farther separation must be left to microscopic 
examination. 

Hemicrystalline Structure. — The matrix is comp>act and often 
almost vitreous to the eye. The lens will sometimes show 
spherulites aggregated together, and banded and fluidal struc- 
tures may appear. Such rocks, consisting of a close admixture 
of crystallites, crystals, and glass, are often called '^crypto- 
orystalline," and include those with the *' microlitic structure " 
of M. L^vy. 

IficrociystailUiie Structure.— The individual constituents be- 
come fairly distinct with the lens, though very possibly not 
specifically determinable by this means ; the microscope reveals 
no glass. The individual crystals may be mere rounded granules 
{** microgranular," see later), or " allotriomorphic " (i.e., bounded 
where they come into contact with their neighbours), or " idio- 
morphic " (exhibiting their proper outlines). When there is a 
general tendency to idiomorphism in the first formed grains, 
while quartz has developed out last and has moulded itself 
allotriomorphically on the felspars, d^, that have preceded it, we 
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have the " microgranitic ** structure of L6vy.* When, on the 
other hand, the quartz of this last period of consolidation has- 
also a tendency to form idiomorphic crystals, M. L^vj styles 
the structure '' miorogranulitic'' The use of a structural term 
depending on the minerals present must, however, of necessity 
be somewhat limited. 

Scoriaceons Stractore occurs commonly in the rocks of 
this sub-group, and gives rise, when the cavities are filled 
with alteration-prodacts, to the easily recognised amygdaloidal 
stracture. The crystallised secondary minerals forming these 
ovoid groups or " amygdales " should be extracted and examined 
independently. Sometimes the apparently solid amygdale is a 
mere hollow shell, which has checked further infiltration as it 
developed upon the walls of the cavity. 



Sub-Group S. — Distinctly Holocnjatalline Rocks, 

These show throughout a crystalline texture, attaining some- 
times a great degree of coarseness, with crystals 10 or 15 cm. 
long. 

Granitic Stmctiire. — This repeats the microgranitic on a bold 
scale, and there is thus the same intermingling of forms tending 
to show crystal-outlines and of purely allotriomorphic grains. 
The term has been used by Levy for both acid and basic rocks ;. 
but in the latter series he generally prefers "grenue" for 
"granitique." 

Grannlar Structure. — M. L^vy, employing "granulite" in a 
limited sense,t uses the name " granulitic structure " for a fine- 
grained aggregation of well individualised and even idiomorphic 
crystals, quartz being present as an essential. 

The metamorphosed rocks commonly known as granulites 
are of various composition, and contain little idiomorphic matter ; 
but it is a question if we may employ '' granulitic " in any sense 
not determined by the author of the term. A large number of 
rocks, both of igneous and metamorphic origin, are built up of 
granules of similar size and partially rounded outline, as if move- 
ment had prevented the growth of well-developed forms during 

• For Levy's nomonclature see ** Divers modes de structure des roches 
(ruptives etuili6es au microscope," Ann. des Mines, s^r. 7) t. viii (1875), 
pw 337. Also Structures et UlassificcUion des Ro^kes Sruptives, Paris 
(Baudry), 1889. 

t As an eruptive rock of the acid series ; Bull, 8oc, g6ol de France, 3me«. 
8<^r., t. ii. (1874), p 180. 
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consolidation. For this interesting structure, which one is 
tempted to call *' granulitio," we shall here use the somewhat 
▼ague term "granular/' or microgranular when necessary 
Commonly, indeed, the microscope is required for its correct 
appreciation (see fig. 28); but the absence of well-developed 
forms, such as prisms of felspar or pyroxene, is noticeable with 
a lens on the surCebce of the rock itsell 

Ophitic Stmcture. — Often with the eye the crystals of one 
constituent will be seen to have developed freely, while another 
constituent has settled down in large crystals round them, so 
that the interspaces of the former are filled over considerable 
areas by material having parallel cleavage-surCGices or crystal- 
faces. On turning the rock-specimen in the hand, the light will 
glance from some such surfieioe and show the real continuity of 
areas that appear distinct from one another on the broken 
surface of the rock. This structure derives its name from its 
occurrence in the dolerites and gabbros of the Pyrenees, which 
were called " ophites '* by De Pa1as»ou. It is, however, extremely 
common in the dolerites and diabases of all countries. Prof G. 
H. Williams (Joum. of Geol.f vol. i., p. 176) has used the term 
'^'poikilitic" for what seems practically the same structure, 
applying it particularly to cases where the enclosing or 
^* ophitic" mineral is felspar. The appearance known as 
** lustre-mottling ** arises when the included crystals are small 
in proportion to the cleavage-surfaces of the surrounding and 
subsequently-developed mineral '* Lustre-mottling" is common 
in the Peridotites. (See fig. 39, and Index.) 

Pegmatitio or Graphic Structure. — ^Two constituents, most 
commonly quartz and felspar, have developed simultaneously 
in large crystals mutually intergrown. The felspar being 
predominant, the quartz appears as hook-shaped and irregular 
forms apparently disconnected from one another. The cleavage- 
surfaces of the felspar thus give the effect of *' lustre-mottling ; " 
but the quartz, when examined microscopically, is found also to 
be optically continuous over considerable areas of the rock. 
The structure thus resembles that which would be produced 
if two sponges were to grow up simultaneously, the one filling 
all the hollows and ramifying passages left by the mode of 
^owth of the other. Graphic granite provides the best and 
almost only type. (See fig. 25.) 

The name structure when minute is styled micropegmatitic. 
Micropegmatitic intergrowths are often grouped in delicate 
globuLsir forms around porphyritic crystals of quartz or felspar. 
These micropegmatitic structures commonly require the micro- 
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scope for their detection, and have been appropriately styled 
** micrographic " by Harker, and also " granophyric " by Rosen- 
bnsch. The term "granophyre" was, however, used by its 
inventor, Vogelsang, in a sense that included all mioro- 
crystalline igneous rocks. 

Orbicnlar Structure. — A rare structure in which the crystals 
are grouped so as to form spheroidal aggregates, with or without 
radial or concentric arrangement. A fine example is the orbicular 
diorite (" Oorsite ") of Corsica. This structure may be regarded, 
with Yoffelsang, as the highest development of the spherulitic. 

Floidal Gneissio Structure. — The banded or foliated structure 
of many holocrystalliue rocks arises in some cases during their 
original flow, and may be designated as above, to distinguish it 
from the metamorphic gneissic structure. The smaller con- 
stituents flow round '^eyes" formed by the larger ones; aud 
sometimes the intrusion of a non-homogeneous magma pro- 
duces a banded gneissic structure on a handsome scale (see, for 
instance, Geikie, Anc. Volcanoes of Great Britain^ vol. ii., figs. 
336 and 337). Tn many other cases, a granitoid rock intrudes 
in thin sheets along the bedding-planes of a ohale, or along the 
foliation-planes of a schist, and its fluidal gneissic structure ia 
due to the laminse of foreign matter carried off by it. 
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CHAPTER XTI. 

80MB PHYSICAL CHARACTERS OF ROCKS. 

I. Speoifio Gravity. — As will be seen when various rook-typ^s 
are examined in detail, the specific gravity is often a ffood guide 
to chemical constitution. The specimen must be sdfected with 
the following precautions : — 

1. It must be representative of the mass under examination^ 
and sufficiently large to include all the constituents in theii 
correct average proportions. 

2. It must be free from flaws and cavities. 

3. It must be unweathered, except in certain special investi- 
gations. 

The general methods of determining specific gravity are detailed* 
upon pp. 22 to 27. 

To observe the first precaution, it is often necessary, and, indeed, 
safer, to use Walker's rather than the refined chemical balance, 
which will not weigh a specimen of more than 100 grammes. 
The method devised by Mohr for measuring the displaced water 
is highly satisfactory in dealing with crystalline rocks of coarse 
j^ndn and any specimen which it is inadvisable to reduce in size. 
The displacement-apparatus consists in simple form of ai^ inverted 
glass bell-jar furnished below with an india-rubber tube and clip 
and supported on a stand. The water placed in the vessel can 
be thus run off from below, accuracy being ensured by using the 
clip rather than a tap, and by letting the tube terminate in a 
jet formed of glass tubing. A horizontal wooden bar bearing a 
needle is laid across the top of the vessel, the needle projecting 
about 3 or 4 cm. downwards. To ensure constancy of position, 
the points where the bar habitually rests on the glass rim should 
be marked with a file or by gummed slips of paper. 

The vessel is filled with water; the end of the needle is lightly 
greased, and allowed to project into the liquid. Looking up 
from below at the bright totally reflecting surfieu^ of the water, 
the clip is released, and the water is allowed to run off until the 
needle-point just disappears from view. It now exactly touches 
the upper surface of the water and gives us a standard to which 
to refer. The specimen, which has been weighed upon a stronsr 
but accurate balance, is then lowered by a fine thread or wire 
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into the vessel, the water rising higher by the addition of its 
bulk. When all bubbles have disappeared, a graduated measur- 
ing-glass is taken, the diyisions of which correspond to the units 
of weight used in the determination of the weignt in air. Thus, 
if grammes were used, the glass will be graduated in cubic 
centimetres. Into this glass the water is run off until the needle- 
point, observed from below as before, again exactly touches the 
surface of the water. The amount run off gives the bulk of 
water (d) displaced. 

^ _ weight in air 

d 

To observe the second precaution, some rocks, such as porous 
sediments or pumiceous lavas, must be reduced to a powder and 
determined with the specific gravity bottle, the finest dust being 
sifted or blown off to avoid choking of the small tube in the 
stopper. 

To observe the third precaution, it is often well to pick up 
clean chips from specimens trimmed in the field, which, selected 
from a large number, will serve both for the determination of 
specific gravity and the making of microscopic sections. 

Since the range of specific gravity in rocks, the coals being 
omitted, rarely exceeds the limits 2*2 to 3*4, many very diverse 
rocks have the same specific gravity, and the results are not of 
value in absolute determination. But in the case of igneous 
rocks, provided that specimens are selected and examined from 
different parts of an exposure, an excellent idea can be formed, 
frt>m the specific gravity alone, of the silica-percentage of the 
mass. 

II. Fusibility. — ^Though it is seldom desirable, on account of 
their complexity, to treat rocks before the blowpipe as if they 
were simple minerals, yet in a few cases the determination of the 
fusibility proves of service. The older writers relied, indeed, 
more upon this character than has since been thought desirable, 
and the nature of the glasses produced was closely studied. It 
is obvious that the application of the fiame, in the absence of an 
acid, will decide between a soft rock composed of silicates and a 
limestone, the former in all probability fusing to a glass while 
the latter becomes luminous and crumbling, ^e natural glasses 
also have various degrees of frisibility, the more highly siHcatod 
fusing with greater difficulty than the basic. Thus obsidian fuses 
at about 5 of vOn Kobell's scale, and tachylyte as easily as 2*5. 
Care must be exercised, however, in dealing with these glasses 
that the splinters used do not present unusually thin edges. 
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The intereflting observations of Berger and of Beudant showed 

-that the treatment of Tolcanic glass in the flame of a blowpipe 

Hxxawionally results in the formation of a pnmiee as fiision 

.mMlnally takes place. (TVon*. Gecl, Soc^ 1816, p. 191, and 

Voyage en ffongrie, 1822, toL iii, p. 362.) 

The volatile materials thus liberated swell up the whole glass, 
until in some cases it almost riyals the intumescence of a bor^x 
bead. Professor Judd* found that the obsidian granules (Mare- 
kanite) of Marekanka, in Siberia, may be converted into a pumice 
of eight or ten times their original bulk ; and similar results are 
obtainable with the lavas of Krakatoa. The experiment should 
be repeated, by way of comparison, on any specimen of volcanic 
^lass. 

in the case of an igneous rock that has undergone alteration, 
the fusibility can be of little service, since a very small admixture 
of hydrous minerab such as zeolites may suffice to considerably 
increase the fusibility of the mass. 

IIL Hardnks& — This important property, rendering the use 
•of the knile imperative at ail times, has been already reierred 
<o on p. 93. 



CHAPTER Xin. 

THE CHEMICAL BZAMINATION OF BOOKS. 

A iruMBEB of ordinary qualitative tests may be applied to rocks, 
«nd the examination with acids, hot or cold, is naturally of great 
value in the detection of carbonates. 

Pure dolomites, such as at times occur among crystaUine 
masses, will effervesce only when the acid is heated; but magnesia 
occurs in many limestones in which the acid test is unavaUing. 
The ordinary dolomitic limestones thus effervesce freely in 
<5oki acid, and the magnesia can only be safely determined 
by precipitation from solution by hydric disodic phosphate in 
the ordinary way. On the other hand, we must here repeat 
the warning that a rock which gives no effervescence when 
touched with strong cold acid may yet belong to the group 

♦ "On Marekanite," Otol. Mag., 1886. p. 243; also, "The Natural His- 
tory of Lavas," ibicLf 1888, p. 6. 
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commonly styled limestones, being in fact a dolomite ; and th» 
resemblance, except in hardness, of some of these rocks to com- 
pact grey gypsums or even quartzites makes it necessary t<^ 
emphasise this caution. 

It is constantly of service to examine the compact or glassy 
groundmass of an igneous rock for potassiam, by the method 
described on p. 85, which has the advantage of giving roughly 
quantitative results. 

The treatment of a rock with acid is frequently important as 
revealing an insoluble residue, which should always be examined 
further. The division, however, of every rock into a soluble 
and insoluble portion, prior to analysis, is now regarded as of 
little value, and the ordinary plan pursued is to make a thorough 
fusion of a weighed quantity of the powder with carbonate of 
potash and carbonate of soda. The powder must be obtained by 
breaking up little fragments of the rock still further upon an 
anvil. An enlarged form of the steel mortar used in blowpipe 
analysis (p. 40) will serve well. The material is ground and 
reground, a portion at a time, in a fair-sized agate mortar until 
the powder is practically impalpable between the fingers. Too> 
much care cannot be given to this simple preparation of the 
material used in the analysis, since imperfect fusion may result, 
if the particles are not sufficiently fine, and the silica ultimately 
separated will contain gritty unaecomposed matter. Althouen 
the precautions and details of the methods employed must W 
left to chemical works and to personal practice, it may be 
of service to remind the reader of the successive operations, 
performed during a simple rock-analysis, such as would suffice 
for ordinary determinative purposes. Naturally the list of 
substances that might be looked for and separately estimated 
in an elaborate analysis of material from the earth's crust ii^ 
as long as that of the known chemical elements; but the 
proportions in which the below-mentioned oxides occur are 
often of fundamental geological importance. Unless, how- 
ever, such substanceir as manganese, titanium, barium, &c,f 
are separately determined, the analysis must be regarded 
as only approximate, and as serving for olassificatory pur- 
poses rather than for refined discussion. This is clear from the 
detailed papers by Messrs. Clarke and Hillebrand, which should 
be in the hands of all who would analyse silicates (Bull. U.S. GeoL 
Survey, Nos. 167 and, especially, 176, price 15 o. The latter is 
a revised edition by Hillebrand in 1900 of No. 148, issued three 
years previously). 
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Summary op Dktbrmimatite Chemical Analysis of a Rock, 

1. Loss on IgnitioiL — Dry the powdered rock in an air-bath 
st 110*" 0. ; transfer about 1 gramme to a platinum crucible, and 
determine the weight of the quantity thus used. Then ignite 
strongly over a gas blowpipe, cool in a desiccator, and weigh 
again. Ignite a second time and weigh, repeating this until the 
weight is constant. The difference thus found is due to loss on 
ignition, which generally represents water. Where it is necessary 
to determine carbon dioxide, a sample of the powder must be 
decomposed by acid in an apparatus in which either the gas 
evolved is allowed to escape and is determined by loss, or in 
which it is collected in an absorption-tube by soda-lime and 
weighed. (See Hillebrand, op. ok.y p. 101.) 

2. Silica. — Prepare a fusion-mixture by minutely mixing 1 3 parts 
by weight of potassium carbonate with 10 parts sodium carbonate. 
Add to the ignited powder in the crucible, or to a fresh sample 
if the heating has caused it to fuse or frit together, about four 
times its weight of fnsion-mixture, mixing carefully and very 
thoroughly with a rod or platinum spatula. Fuse at first over 
a Bunsen-bumer, the lid of the crucible being kept on, and 
avoiding too great heat at the outset. Then apply the blow- 
pipe until the whole mass mns freely together and ebullition 
ceases. The flame should be directed obliquely, and should not 
envelope the whole crucible. 

Eemove and stand the crucible on a cool surface, such as an 
iron plate, so that the fused mass may crack away from the wall 
of the crucible. Place in a porcelain or platinum dish with 
hydrochloric acid and water, covering quickly with a clock-glass 
to avoid loss by effervescence of the carbonates. Warm, and 
allow to stand until decomposition is complete. Evaporate to 
approximate dryness in a water-bath {Clarke and ffiuebrand). 
Moisten again with strong hydrochloric acid, add water, and 
warm. The silica should now float about lightly in the liquid 
when stirred, while all the bases are in solution. Filter off the 
silica ; evaporate the filtrate, treat as before, and add the small 
quantity of nilica thus obtained to that already in the filter. 
Ignite for about twenty minutes, and weigh. K gritty matter 
occurs amid the silica, Uie fusion has not been satufactory, and 
the process must be begun again. 

3. Alumina and Fenic Oziae. — Add to the filtrate a few drops 
of nitric acid, in order to ensure the oonversion of ferrous to 
ferric salts. Then add ammonium chloride, and ammonia in 
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very slight exoess, and boiL Filter off the precipitate of alumina 
■and ferric oxide, obtaining the filtrate a. When thoroughly 
washed, re-dissolve the precipitate into another vessel, and 
divide the subsidiary filtrate thus obtained into two measured 
quantities. Thus it may be made up to half a litre by dilution 
in a marked flask, and 250 cc. may be drawn off with a pipette. 
In this portion precipitate alumina and ferric oxide as before ; 
filter, ignite, and weigh. Draw off 100 cc. from the portion 
remaining in the flask, and determine the iron in this volu- 
metrically by means of bichromate or permanganate of potash. 
Make a check-determination by drawing off anothw 50 or 
100 cc. Divide the weight of iron found by 7, which will give 
the weight of ferric oxide. Deduct this from the joint oxides, 
the alumina being thus found by difference. Ferrous and ferric 
oxides must be separately deiermined in all exact analyses. 
{See especially Hillebrand, op. cU,, p. 88.) 

4. Lune. — To the original filtrate a, which must contain ammonia 
in excess, add excess of ammonium oxalate. Allow to stand for 
12 hours. Filter, and ignite strongly ; weigh, and repeat till the 
weight is constant. The precipitate is thus converted into lime. 

5. Magnesia. — Ammonia being in excess, add hydric disodic 
phosphate to the filtrate, stirring verv carefully with a rod, since 
the precipitate clings to any parts of the beaker that may have 
been in the least degree abraded by touching. Stand for 12 hours 
and filter cold. Wash the precipitate wit^ a mixture of 1 part 
ammonia and 3 water, and ignite, the filter being burnt separ- 
ately in the lid of the crucible. Where a large quantity of 
magnesia is expected, a porcelain crucible should be usec^ to 
avoid injury to the platinum. The ignited precipitate is the 
pyrophosphate (Mg, Pj Oy). To estimate as magnesia, multiply 
hj -36036. 

6. Potash and Soda. — These alkalies are best determined by 
the Lawrence- Smith method. Mix intimately 1 part of the 
powdered rock (about half a gramme) with one part of ammonium 
'Chloride and 8 parts of pure (^dum carbonate. Heat for about an 
hour in a deep platinum crucible, which is best supported almost 
horizontally over a flat-sided Bunsen-flame, and under a conical 
iron shield. The flame must be applied very gradually at first 
to avoid rapid volatilisation of the ammonium chloride, and the 
temperature should at no time rise above dull redness. The 
decomposition is effected without complete fusion. Dissolve out 
the fntted mass in water in a dish and filter. The filtrate 
•contains the metals of the alkalies in the form of chlorides, with 
some portion of the materials used in decomposition. 
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Precipitate the lime from the filtrate by ammonium carbonate ;. 
filter and evaporate down, testing the filtrate as ii becomes more 
concentrated with a drop or two of ammoninm carbonate lolation. 
If lime IB stiU present, precipitate it and filter again. 

Evaporate to dryness in a small dish, and gently drive off by 
further heating the ammonium chloride and ammonium carbonate. 
A dark stain may appear, which is due to impurities in the 
ammonitun carbonate, and may be neglected. Excessive beat 
must be avoided, lest a portion of the chlorides of the alkali- 
metals should be lost. Weigh the joint chlorides in the dish 
while the latter is still slightly warm. 

Dissolve up in water, add platinic chloride, and evaporate 
almost to dryness on a water-bath. Add alcohol, and allow to 
stand for some hours, the precipitate of potassium platinia 
chloride being insoluble in alcohol. Filter on to a weighed 
filter, wash with alcohol, and dry at 100*. Weigh with the 
filter without ignition. 

To calculate this precipitate as potash, multiply by *19272. 
Divide this result by *63173, which gives the weight of the 
potassium chloride in the joint chlorides. Deduct this from the 
joint weight and multiply the remainder by *53022. This gives, 
the weight of soda. 



110 IBOLATION OF THR CONSTITUENTS OF BOCKS. 



CHAPTER XIV. 

THS ISOLATION OF THE CONSTITUENTS OF ROCKS. 

In the case of a coarse-grained rock, clearly composed of hetero- 
geneous materials, it is not difficult to break out with the 
hammer or the pliers fragments or crystals of individual con- 
^stituents, which can then be submitted to special tests. It is, 
however, highly desirable that a microscopic section should have 
been previously prepared, in order that the purity of the crystals 
wliich are to be examined, and their freedom from enclosures, may 
be satis&ctorily ascertained. This precaution is especially neces- 
sary when chemical or microchemical tests are about to be applied. 
Where the selected grains are small and translucent, examination 
of them when mounted in water under the microscope will often 
assure the observer of their purity or the reverse. 

Many sedimentary rocks, such as sandstones, can be broken up 
with the pliers or even with the fingers, and the grains spread 
-out on paper for identification. Other rocks, such as clays, may 
be broken up after prolonged treatment in water, the materials 
of varying fineness being successively washed off into separate 
vessels, and an often vfJuable residue of larger grains, small 
-fossils, &a, being finally left behind. 

When a rock is, however, compact and coherent, its con- 
stituents can be isolated only with difficulty ; and at the 
beginning of the present century a large number of masses were 
classed as homogeneous, or even as mineral species, which were 
in reality fine-grained rocks in which it seemed impossible to 
<letermine the constituents. To the French geologist Oordier 
we owe a series of researches that shed a vast amount of light on 
the constitution of the igneous varieties of such rocks. Since 
the task he set himself was so eminently one of mineral- isolation, 
a summary of his work may be given appropriately here, before 
we discuss the modern methods by which such investigations 
have been £a.cilitated. For if modem petrology appears to 
owe little to the men of 1800, it is not because these early 
researches were less accurate or in any way less laborious than 
our own, but because they were for a time forgotten by geolo- 
gists amid the excitement of palseontological discovery. 

In the autumn of 1815, P. Louis Cordier read to the Academy 
of Sciences at Paris his Mhnoire su/r les substomces minercUes ditea 
en nuuse, qtU entreni doms la composition dea Roches Volocmiqties 
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de totia le dges.* Struck with the probahility that the compact 
or more glassy matrix of volcanic rocks consisted of deter- 
minable mineral sabstances, he put before himself the following 
question: — *'Are the undetermined volcanic groundmasses 
mechanically constituted, and| in the event of it being possible 
to determine their mechanical constitution, what are the 
mineralogical units that compose them t " 

After many unsatisfactory experiments, Cordier had recourse 
to two modes of discrimination, the microscope and blowpipe- 
exaininHtion after the method practised by de Saussure. f He 
considered it probable that the partides produced on the breaking 
np of his volcanic groundmasses would belong to the common 
crystallised minerals that occurred in coarser specimens of such 
rocks. Hence he began by reducing weU-known minerals to 
powder by pressure under a pestle, until he obtained samples 
in which the grains were from *05 to *01 millimetre in diameter. 
He then examined these under a microscope magnifying 13 or 20 
diameters, rotating the object-carrier so as to view each grain in 
several positions with regard to the light fsdling on it. The 
deamess of the characters displayed by the various minerals 
came to him as a welcome surprise. 

He examined in this way pyroxene, felspar, olivine, titanic 
iron (much magnetite was probably included by him under this 
term), amphibole, mica, leucite, and h»matite. He also tested 
the hardness of the grains, and their fusibility on de Saussure's 
kyanite splinter, and observed on the same support the action 
of one mineral upon another, placing the two grains under 
examination in contact with one another and fusing them in the 
same flame. 

In his comparisons of these types with the constituent 
granules of the groundmasses, he felt that local variations must 
be eliminated; hence he was careful to employ, as &r as possible, 
the larger and identifiable crystals of a rode as guides in the 
determination of the particles of its matrix. We now know that 
such porphyritic crystals are apt to differ very widely from those 
of the " second consolidation ; " but even this precaution of 
Oordier is an illustration of the general refinement of his work. 

Under the head of volcanic rocks he induded the products of 
active volcanos, of denuded cones, and of andent centres which 
had been covered by marine deposits of the remotest age. He 
powdered up these rocks, microcrystaUine or glassy, washed the 

•Journal de Ph^tiqut, t. Izzxiii. (IS 16), pp. 135, 265, and 352. Abstract 
by A. BroDgniart in same journal, t. Ixzxii, p. 261. 
tSee p. 46 of chit volame. 
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particles so as to procure samples of suitable fineness, and sub- 
in itted them to the same tests as his ^rpical mineral series. He- 
extracted the opaque black granules with a bar magnet,'*^ and 
referred them to his ''fer titan^/' which contained only a very 
small proportion of titanium, and which corresponds in these- 
rocks to oar magnetite and titaniferous iron oxide. Finding a 
small portion of the opaque grains not thus attracted by the- 
magnet, he compared them first with chromite and melanite, and 
finally classed them as ilmenite. His preliminary assumptions- 
were now fully justified, and he distinguished as the constituents 
of his *'p&tes litholdes" the minerals felspar, pyroxene, amphibole, 
mica, ** fer titan^," leucite, olivine, and haematite. He also put 
an end to the idea that amphibole rather than pyroxene was the- 
dominant black silicate in basalt and in the allied darkly 
coloured rocks. He finally divided his lithoidal lavas into 
<* leucostines," in which felspar predominated, and "basalts," 
which fused to a black glass and in which pyroxene wa& 
abundant. 

Cordier then comp>ared in detail the granular and often 
schistose rocks known as petrosilex, com^enne, and trap, with his 
ancient and modern lavas, and concluded that the two groups- 
had nothing in common, beyond a few familiar crystallised 
minerals. In the former group he notes as distinctive consti- 
tuents quartz, diallage, talc, chlorite, magnetite, iron pyrites, and 
pyrrhotine. 

He next turned his attention to volcanic scorise, and proved 
their composite character with similar success, showing that the 
microscopic crystals in them were often embedded in a glassy 
matrix. His researches on truly vitreous lavas ought similarly 
to have gone fiEir towards a rational treatment of such rocks ; 
many glasses, however, have been regarded as minerals rather 
than mineral aggregates from the middle ages to the present 
day. Oordier traces admirably the passage from the compactest 
basalt to the black glass (Uichylyte) for which he reserves the 
old name of '' gallinace.'' The more felspathic glasses that fused 
to a white or lightly coloured product he classes in distinction 
as obsidian. 

After an elaborate examination of the altered matrix (wacke)- 
of many tufb and amygdaloidal lavas, he sums up practically 
as follows : — 

That the mineral substances styled massive, forming the 

* Fleuriaa de Bellevne also osed the magnet, and may have determined 
his minerals partly with the microscope. "M^oire sur lee cristanx 
niioroscopiqnes." Joum, de Physiquet t. It (1800), p. 442. 
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gnmndmaas of voloanio rooks, are, with the rarest exceptions, 
oomposite in character. 

That their constituents are microscopic crystals and glass. 

That the crystals belong to the common species above given. 

That the vitreous groondmasses probably contain material 
the farther development of which would have produced the 
Hthoidal types. 

That in many altered volcanic rocks the materials are held 
together by foreign matter interposed in very minute particles. 

That the sixteen types of ro<^ which he establishes are con- 
nected one with another by a sufficiently complete series of 
uitermediate types. 

That the volcanic rocks have no analogy with those called 
petrosilex and trap. 

That the differences all^;ed to exist between ancient and 
modem lavas are entirely superficial, and consist only in minute 
modifications of texture; vacuoles are thus always present 
between the constituents of modem lavas, while in -the older 
examples they have become rare or completely absent through 
infiltration. ^ 

Although Cordier probably exaggerated the points of difiference 
between some truly igneous " traps '* and his volcanic series, yet 
his general conclusions were in the highest degree philosophic ; 
and it is indeed pleasant to refer to his classic memoir a» an ex- 
ample of what may be done in determinative geology by the union 
of scientific method with the simplest means. (See also p. 132.) 

The crashing of crystalline rocks, with a view to the micro- 
scopic examination or isolation of their constituents, may be 
performed between folds of smooth cloth or even paper, to avoid 
the introduction of extraneous metallic or mineral material ; but 
& hard steel anvil and hammer generally suffice. 

The powder of the rock, which must be fairly coarse, is passeU 
through sieves of various mesh, until a sample is procured, as 
coarse as possible, in which each grain consists of only one 
mineral species. For this purpose the sieves used in chemical 
laboratories are oonvenient, several fitting one above the other ; 
the crushed mineral is placed in the topmost, which has the 
widest mesh, and, the whole being shaken, each sieve selects a 
sample increasing in fineness till we reach the lowest pan. 

The objection to the use of sieves lies in the fact that some of 

the constituents may be much more friable than others, and 

hence for quantitative purposes no one sample may be satis- 

&ctory. The contents of each sieve must be examined in order 

to determine if any mineral has become eliminated from this cause. 

8 
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The sample, when aeleoted after szaminafcion with the lens, 
may be picked over bj the aid of that iDstrumeal^ or upon the 
jtage of a microscope with a low power. A fine brush should 
be moitteaed with water (Dr. Sorby reoommenda glycerine) and 
brought in contact with the grain to he picked ont It ia then 
dipped jnat below the surface of diatilled water in a watch-glass, 
and the grain is a( once detached and sinks. 

In this way, by care and patience, a quantity of any one 
constituent oan be accumulated, sufficient even for a chemic^ 
analysis. But for merely qualitative tests a very few graina 
will be sufficient, and excellent meiterial can be quickly obtained 
to which microchemical reagents may be applied. 

The removal of light material, such as clay, 
fine dust, &c, &om heavier or coarser con- 
stituents may be performed by washing, as in 
an apparatus described by M. Thoulet* (fig. 
12). A large tube, a, terminating in a tap 
below, is fitted with a rubber cork through 
which a finer tube, b, passes. A tube, e, 
opens through the aide of a. The powdered 
material is placed in a and water is intro- 
duced through b. This rises in a and Sows 
t over at o, carrying with it, if the operation is 
sufficiently prolonged, all the light substances 
thus washed out of the material. 

In separating minerals of different specific 
gravities, water is introduced at c and flows 
ont up b when a has beoome full This cur- 
rent keeps the powder well disturbed, and by 
regulating it none of the material escapes up 
b. Gheck the flow gradually, and the gmins 
of different characters will descend succes- 
sively, forming distinct layers at the bottom. 
These can be drawn off by the tap, and a fiurly 
pure amount of any particular constituent 
can be collected. Plate-like minerals, such 
Big. 12. as mica, will probably appear among the 

upper layers. It is clear that simiile forms 
of such an apparatus can be conitmcted with glass tubes, cork^ 
rubber tubing, and a clip to act as a stop-cock. 

Prof. Derby, in 1891, showed how an ordinary miner's pan 
will suffice to separate a good quantity of the heavier minerals 
from a powdered rock. Dr. O. P. Grimsley ("Granites of Cecil 
* " EMpsratioD mfeaDtqne." B«IL 8oc Mia. dt FnuM %. tt. (1879), p. 22. 
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Co., Md.," Jovm. Cincinnati Soc. Sat. Bist.y 1894) usefl a pan 
12 inches in diameter for his work on granite soils. The powder 
is well stirred with water, and the earthy portion poured off; 
the granular residue is stirred with more water, " bj a combina- 
tion of a spherical and elliptical movement of the pan." Then, 
bj a quick side-movement, the water is thrown off, carrying the 
lighter minerals and the floating mica. Repeat until only a 
small residue is left, which contains the heavy minerals. 

The various methods ot decantation and separation by washing 
in moving water, which have been adopted for the mechanical 
analysis of soils, are well discussed by Wiley (Frvnciples of Agric. 
Analysis, vol. i, 1894, pp. 171-247). Simple but systematic 
methods of decantation in ordinary beakers appear to be as 
reliable quantitatively as far more elaborate methods. 

Oordier extracted some constituents by the use of the magnet 
(p. 112) after washing. Composite grains, containing only 
minute particles of magnetite, may be taken up, but can be 
picked out if the iron oxide itself is required to be pure. It is 
useful to cover the end of the magnet with a sliding cap of tissue- 
paper. This is kept in contact with the end while passing over 
the powdered rock, and the magnetic particles adhere to it. On 
withdrawing the magnet to the collecting- vessel, the cap is 
thrust forward and the material falls off into the vessel. 

M. Fouqu^* uses an electro-magnet, connected, if necessary, 
with six Bunsen-cells. By graduating the strength of the 
current, the constituents of a rock can be fairly sorted ; first 
the magnetite, then the pyroxene, the olivine, and the felspars 
and allied minerals which contain traces of magnetic substances. 
A residue of felspars and '/ felspathoids " remains. The glassy 
matrix of igneous rocks is the most common source of error ; if 
it is pyroxenic, it may, by inclusion in the felspar, cause the 
removal of a large quantity of the latter, leaving only the purer 
quality ; but in many cases it is highly silicated and scarcely 
ferriferous, and cannot be separated from the felspars that are to 
be tested by Szab6's or other reactions. Microscopic examina- 
tion, then, must decide on the suitability of such selected 
material for refined determinative tests. 

In practice with Fouque's method, the ends of the electro- 
magnet may be covered with thin paper, to prevent the adhesion 
of non-magnetic particles to any moisture on the surface of the 
iron. The powder is placed on a large card and jerked about 
close under the poles. When a certain amount of material has 

* "Nonveaux proc^^ d'analvse mediate des rochea." Mimoirtspri- 
mmUspar diver savants d VAcad, des /Sciences, t. zxxii, No. 11. See also 
MiniiiUogie Micrographique, 
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b«en attracted, the card ia withdrawn and a clean card or paper 
■abstitnted ; the current is then interrupted, and the particles 
fall off and are collected. 

M. Fonqu^ has separated hj this process microscopic prisma 
of felspar, the presence of which was not revealed in the rock 
even when a strong lens was used; but a small quantity of glassj 
matrix always remained associated with them. In this oase the 
experiment was made upon an impalpable powder.* 

The possession of the heavy liquids described on pp. 29 to 31, 
the earliest of which was introduced by Sonstadt for the deter- 
uiinatiOD of specific gravities and the separation of gems from 
sand, has given to geolc^ists a most valuable method for the 
isolation of the constituents of rocka It is clear 
that if we prepare a aolntion of density inter- 
mediate between the densities of any two con- 
stituentB, one of these will float np to the surface 
while the other will sink. If the lighter mineral 
is the only one to be collected and examined, the 
c^eratioa may bi> performed in an ordinary beaker 
and the surface - material skimmed off with a 
spatula. For economy of the liquid, the beaker 
should be iairly narrow, since some depth of liquid 
must be used to allow of perfect separation. If 
Klein's convenient borotungstate of cadmium solu- 
tion is used, the powdered rock must be treated 
beforehand with dilute acid to ensure the removal 
of carbonates. 

The material must be well stirred on immersion, 
and both top and bottom layers stirred later to 
prevent entangling of inappropriate oonstitnents 
in either. The particles when removed must be 
well washed with distilled water, or with benzole 
if methylene iodide is used in the separation ; the 
washin-s are collected in a dish and evaporated 
down until a concentrated liquid is again obtained 
Fig. 13. '"•"■ fut'ire use. 

The material separated, when washed and dried, 
should be carefully searched over with a lens or low microsoopio 
power, since some composite grains are sure to be included. Any 
doubtful object must be rejected if a quantitative analysis is 
contemplated ; or, for ordinary qualitative tests, only the purest 
grains must be selected. 
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Bat in the majority of casei more delicate means of separation 
will be required, and a number of instruments with taps and 
closed chambers, and with means of adequately mixing the 
material with the liquid, have been brought forward in the last 
few years. Probably one of the neatest is the apparatus of M. 
Thoolet* (fig. 13). A glass tube, a, 15 mm. in diameter and 
About 30 cm. long, is graduated in cubic centimetres. At its 
base it is prolonged by a narrower tube, 6, in which are two taps. 
Between the taps a tube, c, enters, bearing above a rubber pro- 
longation, which is dosed at will by a piece of glass rod thrust 
into the end. The tube a can be closed by a rubber cork through 
which a tube passes which may be connected with an air-pump. 

To perform a separation, a quantity of the dense liquid is 
poured into a. The powdered rock is added, the air-pump is 
applied so that the particles may be freed frx>m bubbles, and the 
minerals of greater specific gravity than the liquid will fall to 
the bottom. 

These are drawn o£f through the two taps. After each drawing 
off of the heavier particles, the tap d is closed, and the liquid 
that has run out is drawn up once or twice into b by sucking 
some of the air out through o. In this way the last particles are 
washed down out of b into the receiving vessel A fine tube 
bent upwards at the end, through which water is allowed to run, 
also serves to wash out b ; but the liquid becomes thus further 
diluted and requires a longer process of concenti*ation before it 
•can again be used. 

e is then also closed ; and water can be added from above until 
the liquid is sufficiently diluted for a fresh mineral to descend. 
To procure a solution of particular density, the amount in the 
tube a is read oS, and water is added according to the following 
formula : — 

Volume of ) VoU of Hqiiid x (Penal t y of liquid - Depilty of raqnlred mfatturt) 
WKteraddedj * Denelty of liquid - 1 

The two liquids are mingled by opening the tap d and blowing 
lightly through c. 

For ordinary purposes simpler apparatus works extremely 
well. Thus Herr T. Harada, about 1881, used what is practically 
an ordinary separating-funnel of the shape of a pear rather than 
a globe. The stopper at the top and the tap below permit of the 
thorough mixing of the liquid and the powder by agitation, 

* "Separation m^caniqae des divert dl^ments min^ralogiqaes des roohea." 
BfdL 8oc. Attn, de Frcmce, t. ii (1879), p. 17. The apparatus is sold by 
Daginconrt, 15 Rue de Toumon, Paris, for 35 francs. 



118 ISOLATION OF THE CON8TITUBNT8 OV B0CK8. 

though care must be taken lest particles remain clinging to the 
sides of the vessel above the surface of the liquid. The objection 
to the use of taps is, however, obvious, and becomes more and 
more forced on one in practice. It is difficult, moreover, to get 
a tap of sufficiently large bore unless the instrument has been 
specially made. The tap of Harada's apparatus may be got rid 
of by substituting a piece of rubber tubing* and a spring-clip, such 
as are often used with burettes. The portion below the tap or 
clip roust be carefully washed out, to prevent the accumulation 
there of crystallised products from Klein's solution, which will 
check free action when the liquid above has to be drawn off. 

The power of closing the vessel by a stopper above is useful 
in preventing the too rapid flow of the solution, since the 
outfall of the heavy particles on the opening of the lower orifice 
can only occur as air rises through the liquid into the upper 
part of the vessel. But very many useful sepaititions can be 
performed in the simplest possible manner in an ordinary open 
chemical funnel about 8 cm. across. A rubber tube and clip are 
fixed at the outlet of the funnel, and, in place of shaking, the 
powder and the liquid are mixed by stirring with a rod. The 
clinging of particles to the sides of the funnel and glass tube 
causes occasional errors, and all such sluggishly ascending or 
descending grains must be touched and kept moving with the 
glass rod. The rubber tube must be removed and thoroughly 
cleaned before putting the instrument away ; a bent tube, like 
that used with Thoulet's apparatus, serves well to wash out the 
part below the clip during e&ch successive separation. 

Dr. J. W. Evans (Geol Mag., 1891, p. 67) has found the 
following a safe and tnorough method of removing the heavy 
minerals without drawing off any of the upper material : — Take 
a thistle-headed funnel or pipette, the tube of which is fairly 
long and will fit into that of the separating funnel from above. 
Surround the end of this with a piece of rubber tubing, so that 
it can be thrust down into the upper part of the neck of the 
separating-funnel and will there act as a stopper. When the 
separation has taken place in the liquid, and the heavier 
minerals are all resting in the tube of the separating {Vinnel, just 
above the clip, insert this stopper, which should be closed during 
its descent by a piece of glass rod thrust down into it from above. 
Then remove the rod, open the clip, and the heavier materials will 
come out as usual, but without any necessity for precaution in 
their release. Pour distilled water down the tube of the stopper, 
and the tube of the separating-funnel will be thus efficiently 
* Except when liquids dilated with hencene are employed. 
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wa-shed out. Close the clip, remoye the stopper, and a second 
aepai-aiion oan be made by further dilation of the liquid. 

Mr. W. F. Smeeth* has devised a strong and simple separating- 
instrument which dispenses with the use of clips or taps. This 
consists of an am-shaped vessel with sloping sides, closed above 
bv a large stopper and open below, the contracted base being 
ground so as to fit into a tubular bottle, which has an expanded 
lip and which acts as a support. An extra >f lass-stopper with a 
long handle is made so that it can be passed through the upper 
opening of the urn and thrust down so as to dose the passage 
into the bottle. 

The dense liquid and the powder are shaken together in the 
instrument, the ordinary stopper being in its place and the urn 
and bottle remaining connected. The heavier particles will thus * 
descend into the bottle. Now pass in the long stopper, moving 
it in the liquid as it descends so as to free it from any adhering 
particles of the lighter material ; close the base of the urn with 
it and lift off the urn from the bottle. The two classes of 
materials are thus efficiently separated from one another. If 
the urn is now fitted into a second and similar bottle, a farther 
separation can be proceeded with by removing the long stopper 
and diluting the liquid to the requisite amount Or the original 
bottle can be at once cleaned out and some other separation 
carried on in it ixrithout additional apparatus. Mr. Smeeth 
informs us that the instruments were made for him by Messrs. 
Becker, of London. He suggests as the simplest type of this 
apparatus an ordinary funnel cut down so as to leave a stem 
half-an-inch in length. This is connected by a piece of rubber 
tubing with a glass tube which serves as the receiving bottla 
The materials are mixed with the liquid in the funnel ; its 
lower orifice is closed by a glass rod carrying an india-rubber 
cork at the end ; and the rubber tubing can then be pulled 
away safely from the shortened neck of the funnel, the two parts 
becoming thus disconnected. 

Herr A. Hauenschild has recently invented a very neat and 
compact apparatus, consisting of a large glass tap, w th two 
lateral notches instead of a central opening, whereby the passage 
of particles is flBkcilitated. Each end of the short wide tube in 
which this tap is placed is ground, and over each a tubular 
vessel with a foot is fitted. The upper and lower ends of the 
instrument are thus identical, except that one is inverted, its 
foot remaining; upwards. The liquid and powder are placed in 

* Sctentific Proceedings of the Boyal DMin Society ^ vol. vi. (new series ; 
1888), p. 58. Sollas, Trana. R. Iri$h Acad,, vol. xxk., p. 430. 
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the lower yessel, into which the central tube, containing the 
closed tap and supporting the upper inverted vessel, is now 
fitted ; the instrument is then inverted, and, in due course, the 
heavier particles can be drawn off into the second vessel, which 
is now below. Hauenschild's separation-apparatus is sold bj 
Muencke, 58 Luisenstrasse, Berlin, for 12 marks. 

Prof. Sollas (IfcUwre^ voL xlix., p. 21 1) has shown how particles 
may be removed from anj zone of his diffusion-column (see p. 31), 
by inserting a pipette of 1*5 mm. bore, plugged at its base by a 
stem of Esparto grass, round the end of which a little unravelled 
cotton threiEhd is wound. This stem is inserted from above ; the 
pipette is thrust down until its end lies against the grains to be 
extracted; the plug is then pulled back slowly, and the fluid 
'and grains follow it into the tube. A very thin glass rod, bent 
up at one end into a crook, is tlien thrust down parallel to the 
pipette, and the crook is pulled up so as to enter and plug the 
bottom of the pipette. Now remove both together, clean off 
foreign grains from the outside of the pipette with blotting- 
paper, and wash out the collected and isolated grains. 

Where a liquid of high density is required. Dr. J. W. Retgers 
has recommended the use of certain easily fusible salts, on which 
he has made a careful series of experiments. In 1893 {Nenes 
Jdfvrh, fUr Min., 1893, Bd. i., p. 90) he introduced thallium 
silver nitrate, which melts at 75 C, giving a density of nearly 
5*0. It can thus be manipulated on a water-bath, and can be 
diluted by water, added carefully drop by drop. Sulphides, 
however, are attacked by it. The joint thallium nitrate and 
acetate, melting at 65* 0., with G. « 4*5, gave also good results 
(Ifeu68 Jahrb., 1896, Bd. i, p. 212). In a later paper (Ibid., 
1896, Bd. iL, p. 183), Betgers recommends merourous nitrate 
as cheap, melting at 70* C, with G. ^ 4*3. Quickness is neces- 
sary during a separation, as some decomposition of the salt 
occurs. The most satisfactory salt is now reported to be thallium 
merourous nitrate, melting at 76^ 0., with G. = 5*3. This can 
be diluted with water, and has no effect on sulphides. 

The procedure is to effect the separation in the melted salt in 
a test-tube, with a £ur depth of liquid. When the heaviest 
minerals have sunk, remove from the water-bath, and dip the 
outside of the test-tube into a glass of water, moving it about, so 
as to cool it quickly. This prevents the minerals from floating 
up again during the rise of density on cooling. Then break out 
the bottom of the tube, remove the glass-fragments, and melt off 
the lower layers into a beaker by means of an obliquely 
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^directed flame. The separated heavj minerals can now be 
<;leaned by washing. 

Messrs. Penfield and Kreider (Amer. J, Sci,, vol. xlviii., 1894, 
p. 143, and vol 1., 1895, p. 446) describe improved apparatus ior 
conveniently effecting the separation. 

Another but more risky method of isolating particular minerals 
from the powdered rock consists in the use of aoids. It is easy 
thus to extract the silicates from cipoUino or calciphyre by 
destroying the surrounding carbonates with acetic acid; but 
stronger acids are likely to produce surface-decomposition of the 
minerals that are to be ultimately examined. It is obvious that 
the nature and strength of the solvent used in each instance 
must be lefb to the judgment of the observer. 

M. Fouqu6* employed hydrofluoric acid in the isolation of the 
minerals of the lavas of Santorin. He placed about 30 grammes 
-of the rock-powder, from which the finest and the coarsest 
particles had been sifted o£^ in a platinum dish into which con- 
centrated hydrofluoric acid had been poured. The materials 
were inserted cautiously and stirred together ; the process of 
decomposition was arrested at any required stage by pouring in 
water and washing off thus the fluosilioates, fluorides, and 
gelatinous products that had been fonned. The materials, when 
washed, should be rubbed with the finger under water to free 
tiiem from the last traces of the jelly. 

In this way the amorphous glassy matrix may be removed 
from around many minerals, though it may be difficult to 
free felspars completely from it without seriously attacking the 
-crystals. The ferro-magnesian minerals are attacked only after 
long immersion; hence they can be isolated from quartz and 
felspar with comparative ease. The acid is thus found to attack 
first the glassy matter, then the felspars, then quartz, and lastly 
the ferro-magnesian group (pyroxene, amphibole, olivine) and 
magnetite. 

The determination of the proportions in which particular 
minerals are present in a rock can of course be effected by 
weighing the original powdered material and the successive 
groups of isolated constituents. Delesse f long ago employed a 
rougher method, which is simple and very reasonably accurate. 
It is thus of especial value to observers far removed from refined 
apparatus. Delesse chose a plane or even polished surface of the 

* Fonqu^ and L^vy, Miniraiogie Micrographiqtu, p. 116. 

f'Proo^^ m^oaxiiqae pour determiner la oumpodtion des roohes." 
AnncUes des Mines, 4me 86r. tome xiii (1848), p. 379. Pablished also with 
trifling variations at Besanfon, 4to. 



122 ISOLATIOir OV THK OOVSTITUi^NTS OF BOOKS. 

rock, or in special investigations the six surfaces of a parallelo- 
pipedon out from it. He covered each such sur£Etce with a sheet 
of goldbeater's skin or fine paper, increasing the transparency if 
necessary by soaking the covering and the face of the rock in oil. 
The covering was affixed with gum. 

The outlines of the minerals were then traced through with a 
pencil or fine pen, and the various minerals were coloured with 
different tints. The tracing was removed from the rock and 
gummed to a sheet of lead or tin>foil. The outlines were cut 
round with a pair of scissors and the pieces of the same tint were 
sorted together. To avoid errors due to irregular thickness of 
the gum and paper, each sorted group was treated in water and 
the fragments of the foil were alone finally used. 

These groups of fragments were then weighed and compared 
with the total weight ot foil that corresponded to the area or 
areas of the rock selected, the proportions of each mineral being 
thus ascertained. Delesse found it convenient to estimate fine 
lamellar minerals, such as mica, by difference. 

When a good balance is at hand, the paper may probably be 
cut out and estimated directly, without transference to the foil. 
The modern method has been to employ a thin section of the 
rock under the microscope, to draw the field seen with a camera- 
lucida or neutral tint reflector, aud to weigh the various parts 
of the dissected drawing upon a chemical balance. 

One of the most interesting results of such investigations is 
that mentioned by Delesse, who found that minerals of a striking 
or rich colour are present in much less proportions than the 
ai)pearance of the rocks containing them seems to indicate. 
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CHAPTER XV. 

TI1R PBTRO LOGICAL MICROSCOPE AND MICROSCOPIC 

PREPARATIONS. 

The microscope may be regarded as the one expensive piece of 
apparatus in the otherwise modest equipment of the geologist ; 
but a good instrument will obviously last a lifetime. While the 
details ot the stand required have been made the special care of 
certain well-known makers, it is possible to procure first-class 
objectives second-hand, and to fit them as one's needs extend. 

The essential points of the microscope used by geologists are 
as follows : — 

(1) A good polariser and analyser, both so fitted as to be almost 
instantaneously brought into position or again removed ; the 
analyser may be above or below the eye-piece, the former, or 
*^ eye-piece analyser," being most suited for observations with the 
quarter-undulation plate or the quartz wedge when crystals are 
studied in convergent light. The outer flange of the polariser, 
and of the analyser if this also rotates, must be graduated at 
every 90°, so that the position of ** crossed nicols" can be easily 
found. In this position, when the shorter diagonals of the 
calcite prisms constituting the nicols are at right angles to one 
another, the field of the microscope should be dark until some 
crystalline substance is placed above the polariser. 

(2) Either the stage of the microscope must rotate, or the two 
nicols must be arranged so as to rotate together, as in the re- 
markable instrument now made by Messrs. Swifb & Son, at the 
suggestion of Mr. Allan Dick. In either case, the orientation of 
any crystal in a section with regard to the diagonals of the nicols 
must be ascertainable by means of a graduated circle and an 
index. If the stage rotates, as in most instruments, its edge is 
marked off in degrees (fig. 14). 

(3) There must be cross-wires or '' spider^lines " in the eye- 
piece, and a pin must project from the eye-piece and fit into a. 
slot in the main tube, so as to prevent any rotation of the wires,, 
which are parallel to the diagonals of the crossed nicols. 

In addition, an easily removable achromatic condenser should 
be fitted in the aperture of the stage above the polariser, so- 
as to converge thte 4ight upon any crystal brought into the 
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Fig. 14.; — Petrologiol mieroMope with routing aUgo. 
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centre of the field.* Some means of focussing it within a short 
range should be supplied, and it is a great convenience when 
working with high powers if it can be retained as an ordinary 
condenser whether the polariser is in use or not. If the figures 
Tiewed in conrergent polarised light are to be seen with the eye- 
piece, a lens of suitable focus is inserted when required into a. 
slot aboTe the objective. 

A quartz wedge, the longer direction of which is parallel ta 
the yertical axis of the crystal from which it was cat, is a very 
useful accessory. Such weages are sold for about 20s., and should 
show, when placed between crossed nicols, a regular gradation 
of colours from the grey of the first order of Newton's scale at 
the thin end up to the pink and green fourth-order colours at the 
thick end. These colours should not, as in wedges of too steep 
an angle, be crowded together towards the thinner end. 

In other points the geologist's microscope resembles the 
ordinary instrument. A nose-piece carrying two or three ob- 
jectiTes is invaluable. Owing to the lunits imposed by the 
thickness of rock-sections, very high powers are out of place. 
If only two objectives are at first purchased, there is little doubt 
that they should be those styled 2-inch and ^-inch. If a seriea 
is available, the following are recommended : — 2-inohy 1, ^, ^, and 
i or A-inch. The rack used in focussing should be long enough 
to allow of the use of a 3-inch objective, which is occasionally re- 
quired, particularly when a slide illustrating rock- structure haa 
to be studied. The higher powers are necessary for the study of the 
groundmass of rocks and for use with convergent polarised light. 

If a rotating stage is used, some form of centring is desirable. 
The adjustment may be made by two screws in the collar into- 
which ike objective fits, or similarly by an arrangement beneath 
the stage itself In all cases it is necessary that an object 
viewed with an ^inch objective should remain in the field 
throughout a rotauon of the stage, and should, if placed on the 
intersection of the cross-wires, barely deviate from that position. 

The difficulties arising from this petrological requirement 
have been met by microscopists in two brilUant and different 
manners. Nachet of Paris divides the main tube of the instru- 
ment in two, supplies a double arrangement for focussing, and 
carries the objective with its adjustment on a pillar attached ta 
the rotating stage. Thus the centre of the objective is always 
in precisely the same relation to any object in the field, since it 
rotates with the slide itself This system has also been success- 
fully adopted by Messrs. Orouch <k Oo., of I^ondon. 

* A ^-inoh objective, supported inverted under the slide and above the 
po!ariMr, serves to produoe the oharacteristio figures. 



In 1889 Mf. AIIaq Dick* brought forward the instruinenli 
already referred to (fig. 16), the details of which wer« workt>d 



oat b; HeBsrs. Swift i. Bon, of London. The stage is fixed and 
* "A new form of microaoope." JUineratoaieal Magaeme, toL riii., p. 
160. A complete dMoription by Mr. Diok u alao pnbliahed bj MeauiL 
Swift & Sod. 
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of an ordinary compact size; while the eye-piece with ita 
cross-wires, and bearing the analyser above it, is connected 
by toothed wheels and a rod with the polariser below the 
stage. With the finger touching one of these toothed wheels, 
the observer caases the niools and cross-wires to rotate to- 
gether, and the vibration-dii'ections of the nicols are thus 
brought parallel to particular directions in the crystal under 
examination, an arrangement that renders unnecessary the rota- 
tion of the crystal itsel£ The necessity for adjusting any 
particular power, however high, until it is exactly centred is 
thus entirely done away with. 

The converging lens slides in and out in a groove cut in the 
stage ; and a number of other ingenious details make this petro- 
k>gical microscope the most remarkable that has appeared since 
that of Nachet, and certainly the compactest and most con- 
venient of any at present in the field. It is adapted, however, 
to higher requirements than those of most geological students, 
for whom the various types of strong ins^uments with well 
centred stages provide all that is necessary in ordinary work. 

It is often useful to examine small crystals or grains by 
reflected light under a power of 1-inoh or H-inch focus. For 
this purpose the little support suggested by Mr. T. H. Holland * 
serves admirably and is easily made. A hemisphere is cut out 
of cork, about ^ inch in diameter, and a small hollow is sunk 
in the centre of the flat side. The object to be examined is 
fixed in this hollow by a little wax so that it occupies the exact 
centre. If the hemispherical surface is allowed to rest in the 
circular aperture of the stage of the microscope, the support may 
be turned about in all directions without the object passing out 
of view or out of focus. Mr. Holland suggests a further use for 
this support. By turning out a conical hole completely through 
the hemisphere, widening below, ** this simple contrivance may 
be employed in transmitted light, for adjusting sections of 
crystals which are supposed to have been cut in any particular 
direction ; but which, as is almost always the case, only approxi- 
inate what they are represented to be. Suppose, for example, a 
section of a doubly refiucting uniaxial crystal is required, normal 
to the optic axis. Then by employing the hemisphere, the 
section can be so adjusted that its optic axis is exactly parallel 
to the line of coUimation of the instrument.*' 

Small objects such as sand-grains may be examined dry upon 
* glass shp, or by transmitted light when mounted in water 
Qnder a cover-glass. Should it be desirable to preserve the 
* Science Ooinp, No. 291 (March, 1889), p. 53. 
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specimens, objects for reflected light should be mounted 
follows : — A slip of cedar-wood or mahogany, of the same size a& 
the ordinary microscopic slide, and sightly thicker thsui the 
objects to be examined, has a circular hole bored through ita 
centre. It is then backed by a thin piece of card blackened on. 
the side that shows through the aperture. The objects may be 
fixed by minute drops of gum to this dull black ground in any 
suitable position. Osore must be taken to prevent the gum from 
rising on to the sides of the objects and imparting to them an 
artificial appearance of polish. Tiny supports of blotting-paper 
soaked in gum can be folded into any shape when moist, and 
will prop up a minute specimen in any required position. 

For use with transmitted lights the objects are mounted iik 
Canada balsam, which has a refnu;^ve index sufficiently high to- 
prevent the diark-bordered e£fect and imperfect transparency- 
noticeable when air or even water surrounds the specimens. 
With delicate objects the balsam must be diluted with benzole 
and the cover-glass gently laid on the top. The slide must then 
be dried at a temperature of about 72** 0., the spirit being thus^ 
driven off. To ascertain if the process has gone sufficiently fair, 
pick up from time to time with a splinter or match-stick a little- 
of the balsam exuded round the edges of the cover-glass. 
Directly the sample thus removed is cold, press it with the 
thumb-naU. If it is brittle, the whole balsam will become hard 
and firm on cooling, and the slide may be removed from the air- 
bath in which it has been drying. 

If the objects are strong, like sand-grains, the balsam may be 
dried previous to use. A little is softened by heat, and the 
objects are allowed to sink in it on the slide. The cover-glass is 
laid on while all is warm, pressed down, and the slide is laid 
aside to cool. Care must be exercised to prevent bubbles from 
forming in the balsam or the mass from becoming too brittle 
and discoloured by over-heating. 

Very often the pressure used in placing the cover-glass in 
position forces the loose objects outwards or to one side of the 
preparation. Mr. H. C. Sorby * recommends the following^ 
remedy: — ** Having placed a small quantity of dissolved gum on 
the glass plate, the requisite amount of the deposit is taken and 
mixed with the gum and sufficient water to make it easy te 
separate the grains and spread them uniformly over the space 
which will afterwards be covered by the thin glass. The water 
is then allowed to evaporate slowly, and though much of the gum 
collects round the margin, by properly regulating the quantity 
* PresidentiAl address to Royal Microscopical Society, 1877. 
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originallj added, enough remains under the larger grains to hold 
them so fiist that thej are not squeezed out with the excess of 
balsam." 

The gum should be in so small an amount as to be invisible, 
after the mounting is completed, except on an examination of the 
under side of the preparation. 

It is scarcely necessary to remind workers that the water used 
in any treatment of microscopic objects must be distilled, since 
on the evaporation of ordinary water all manner of crystalline 
salts are deposited upon the objects. 

To remove the balsam exuded round the edges of the cover- 
glass, the whole is allowed to become hard ; the more prominent 
parts may then be chipped off readily with a blunt knife, the 
point of which must be kept clear from tne edge of the cover ; while 
the slide is jQnally and neatly cleaned with a tooth-brush dipped 
in methylated spirit. Wipe and dry at once with a soft duster. 
Where microscopic sections are required, the preparation of the 
object is often a matter of considerable time. In the case of 
fragmental substances, an ingenious method suggested by Dr. 
WsJlich * may be applied after a little practice. A small glass 
slip, or square cut from plate glass, is laid upon a metal plate over 
a spirit-lamp. A drop of nearly dried balsam is softened upon 
this by heat^ and a plate of mica is laid on it, becoming thus 
cemented to the glass. The small objects of which sections are 
to be prepared are then embedded in further balsam upon the 
mica surfieioe and arranged in any suitable position. When this 
balsam is cold and firm, the glass is used as a handle by which 
the objects can be held during grinding. A fiat surfiEuse is then 
given to them as they lie in the balsam by rubbing with water 
on a hone made of Water-of-Ayr stone. When they appear 
properly rubbed down, the surface is washed and dried, and the 
glan is again lightly heated. As soon as the heat softens the 
lower film of balsam, that between the mica and the glass, the 
mica must be lifted up with a pair of forceps and turned over on 
to an ordinary microscopic slip on which a little balsam has been 
heating. The ground surfek^e of the objects is now downwards, 
and they become fixed on cooling to the glass slip in the positions 
originally selected. When cold, use the new slip as a handle, 
flake off the mica lightly with a knife, since it now forms the 
sar&ce-layer, and grind the newly exposed side of the objects in 
the same manner as before. When transparent sections have 
^n thus prepared, wash, soflen the balsam by gentle warming, 
and affix the cover-glass. For details concerning the making of 

* Ann, and Mag, NaJL HisU, 3rd ser., voL viii (1861), p. 68. 

9 
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sections of delicate objectn by such methods, see Chapmaim 
(ScierUific News, vol. i., London, 1888, p. 452) and Stober (Tra- 
vaiix du laboratoire miueraluywue de CiMrhiversite de Gandy 1899)«. 

The same principles are involved in the preparation of sections 
of minerab and rooks such as are ordinarily examined by the 
geologist. A conveniently thin chip is chosen, and a smooth, 
surface is given to it on one side. For this purpose it is held in. 
the hand and rubbed down with emery and water on a plate- 
glass, lead, or iron surface. Emery, of the coarseness known as 
"60-hole," may be used at first; then "90-hole," and finally 
" flour-emery," or even emery of greater fineness produced by- 
washing. The emery already used must be carefully washed oiT 
from the specimen before proceeding to a finer quality. When, 
objects, such as the bars of a window, can be seen reflected in the 
prepared surface, this first stage of the process may be considered 
as finished. The chip is now cemented, the polished surface 
downwards, by means of Canada balsam * to a glass handle, 
preferably a piece of plate-glass about 1^ inches square. When 
the cement has become hard, no trace of bubbles should appear 
between the surfistces of the specimen and the glass. If present^ 
they will gleam, as seen through the glass, like little mercurial 
globules, and must be got rid of by further heating and probably 
by the application of more balsam. The surfEU^e thus finished 
and cemented down forms one side of the section ultimately 
prepared. 

The outer side of the specimen is now similarly ground away, 
flour-emery alone being used when the section begins to appear 
translucent, and the finishing touches being given with the 
Water^f-Ayr stone. Care must be taken in order that the 
central area, and not merely the edges, may become finally thin. 
Very delicate sections must be transferred at an early stage to 
the slip on which they are to be mounted, and finished on this 
instead of on the handle of plate-glass. 

In ordinary cases, however, the section is examined under the 
microscope before removal from the glass handle, to see if it is 
sufficiently and uniformly thin. It is then placed in a bath of 
methylated spirit for some five or six hours, at the end of which 
time it can be floated off fix>m the handle and transferred care- 
folly by a section-lifter (a bent piece of thin metal in a wooden 
handle) to an ordinary slip on which balsam is already heating. 
The covering and final processes are as described on pp. 128, 129. 

* Prof. Rosenbosch recommends 16 parte by weight of Canada balsam to 
60 parte of shellac, heated together for some time. The toughness of this 
allows very thin sections to be made. 
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To avoid the long grinding that must oocnr when chips are 
used, professional workers always employ in the first instance a 
lapidary's cutting disc, which is an iron disc '^ armed " from time 
to time by forcing diamond-powder into its edge. The diamond 
is mixed with a Httle olive oil and placed with the finger on the 
edge of the disc. The disc is then slowly rotated while a snr&ce 
of flint or agate is pressed against it, the tiny splinters of diamond 
thus becoming set in the iron like the teeth of a circular saw. 
A well armed disc will cut perhaps some thirty ordinary sections, 
and most be re-armed directly it oeases to give a dean cut and a 
sharp hissing noise when in motion. 

The disc is preferably placed horizontally and rotated by a 
band working from a wheel driven and controlled by hand. 
The specimen is held in a clamp and is drawn against the disc 
by a cord passing over a little pulley; this cord is weighted at 
the end according to the severity of the work to be performed. 
The disc must be continuously lubricated by a little stream of 
soap and water kept running on to it from the tap of a vessel 
set above it. A wisp of soft string may be conveniently made 
to hang from the tap and to rest its free end on the disc, so as 
to act as a guide for the descending drops. 

By such a machine thin and even large slices can be prepared, 
which require little grinding to transform them into microscopic 
sections. Sections, moreover, can be cut from minerals in special 
directions, by careful adjustment of the specimen in the clamp.* 
Small specimens can be held by being cemented on to a block of 
wood by means of the ** electric cement" described on p. 21, the 
wood being then fixed in the clamp. Friable objects, such as 
puDiioe, must be saturated in hot balsam in a dish over a spirit- 
lamp or Bunsen-bumer and allowed to become thoroughly cooL 
They may then, with care, be cut or ground like other materials. 

finally, it may be useful to mention that emery can be ob- 
tained in London for about Is. 6d. per 7 lb. packet. Diamond- 
splint, which must be powdered in a steel mortar after purchase, 
costs about 58. per carat, two carats lasting a considerable 
time. Plate-glass, suitable as a basis on which to perform grind- 
ings, may be got in about 18-inch squares from any glass-cutter 
at a moderate cost. The iron discs used in lapidary's work are 
supplied by Messrs. Cotton & Johnson, of 14 Gerrard Street, 
Soho, London, W. Most amateurs, however, will find a machine 
rather a luxury than a necessity, considering the small number 
of sections they will require in the course of any year. While 

* For A delicate method, see Stober, BulL Acad. Roy. de Belgique, 3e. 
•trie, t. xzxiu. (1897), p. 84.3. 
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it is of very great importance to have practice and confidence in 
the making of rock-sections, it is fortunate that now in some 
towns, especially in Germany, professional lapidaries are spring- 
ing up, ready to relieve the geologist of work that is in tho 
majority of cases tedious. 

That the application of the microscope to the study of rocks 
is by no means a modern development has been alrea ly seen in 
our review of Oordier's classic investigations. Some older 
authors, notably Delesse, derived great advantage from the 
examination of polished snrflBU^B of rocks under the microscope ; 
and, such surfiBU^es being commonly procurable in all countries, 
whether among the debris ot ancient Rome or the workshops 
of Indian artists, it is of considerable profit to have studied at 
least a typical selection. Though polarised light cannot be 
employed, there are in some cases actual advantages over a thin 
section, inasmuch as the rock can be often examined by a low- 
power objective for a considerable depth, and the tridimensional 
character of the various objects and structures becomes realised. 
As a brilliant example of results gained in this manner, we may 
cite the plates and text of Delesse's Recherches 8ur Ua Soc/ies 
globtUeuses,* a memoir that should be looked at in this connec- 
tiuu bv all to whom libraries are accessible. 

While it is now well for the beginner to study carefully a 
series of rock-sections under the microscope, these should never 
be considered apart from the rocks from which they have been 
cut. After understanding, with the assistance of the sections, 
the main points of structure, an immense amount of work can 
be done by powdering up a rock, sifting where necessary, and 
examining the fragments on a microscopic slip, first by reflected 
light, and then mounted in water or balsam under a cover-glass. 
The methods of Cordier (pp. 110-113) must never be forgotten, 
since the expert in the use of microscopic sections is apt some- 
times to lose sight of the form of the solid mineral, and of all 
but its optical characters. The powdered rock naturally lends 
itself to the isolation and complete testing of its constituents 
(p. 113). 

SoMS Works on Petroorapht akd Rook-forming Minbralb. 

FouQU^ and LivY. Min^ralogie Miorographiaue ; Roches ^ruptives 
fran^aises. 2 vols. , text and plates. Quantin, Pans, 1879. (The ooloured 
plates should be carefully studied.) 

Barker. Petrology for Students. 2nd ed., Cambridge, 1897. 
(Elspecially dealing with microscopic characters, and thoroughly modem.) 

♦ M6moires de la Soc. giU. de France, 2me. serie, t. iv., p. 901. 
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HrsSAK. ADk&tang ram Bettimmeii der G«fteinbUdeiid«n Mineralien. 
Engelmaiin, Lcdpcig, 1885. 

Jahitstaz. Lee Roohes. Rothaohild, P«riB, 1884. (Ck>loiired pUtot of 
microscopic eeoiions.) 

Ij6vy and Lagboix. (1) Les Min^nmx des Roches. Bandnr, Furis, 
1888. (Contatna an admirable plate showing the application of Kewton's 
Colour-Scale to mineral-sections in polariMd light.) (2) Tableaux dee 
Min^ranx dee Roches. Bandry, Paris, 1889. (Inference tables founded 
on above work.) 

Mebbill. Rocks, Rock-weathering, and Soils. Maomillan, 1897. 
(Regards rocks from a true geological aspect ; ezcelleot illnstrationB.) 

RosKHBUSGH. (1) Mikroskopische Physiopraphie. 2 vols., 3te. Aoflage. 
Koch, Stuttgart, 1896. (With photographic plates of minerals as seen in 
sections.) (2) HtUfstabellen zur mucroskopischen Mineralbestimmung. 
Koch, Stuttgart, 1888. (Reference-tables, translated by Hatch. Sonnen- 
schpin). (3) Elemente der (j^esteinslehre. Nttgele, Stuttgart, 1898. (An 
excellent general manual.) 

Rosbkbusoh and iDDoroa Microscopical PhysicMnraphy of Rock-making 
Minerals. 4th American edition, revised. Wiley, New York ; CJhapman £ 
Hall, London, 1900. (The photographs in the original work of Rosenbusoh 
are reproduced.) 
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RuTLKT. (1) Rock-forminff minerals. Murphy, London, 1888. (A oom- 
guide, including the higher a]^lications of the mioroeoope.) (2) 
ites and Greenstones. Murby, 1894. 
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Teall. British Petrography. Dulau k Ck>., London, 1888. (An 
invaluable work both for the text and the exceptional character of the 
coloured plates.) 

ZiBKBL. Lehrbuch der Petrographie. 2te. Auflaee, 3 vols., Leipzig, 
1894. (The most complete work on rocks extant, deaung with their wider 
aspects as well as microscopic structure The section on rock-forming 
minerals is equally admirable.) 
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CHAPTER XVI. 

THE MORE PROMINENT 0HARA0TER8 TO BE OBSERVED IN 

MINERALS IN ROCK-SECTIONS. 




It is well known that some minerals, such as mi^etite, are 
opaque even in the thinnest sections yet prepared. Hence their 
dharaoters must be studied by reflected light, which may con- 
veniently be concentrated on their surface by an ordinary con- 
denser on a stand, or by fitting up a pocket- 
lens so that it can be moved about upon an 
upright rod. The annexed sketch (fig. 16) 
is a suggestion for such a contrivanoe; a 
stout brass wire is fitted into a steady base, 
and a large cork slides up and down upon 
it. A second wire, also thick, so as to pre- 
sent a good surfietce, is bent at right angles ; 
one end is thrust through the cork and the 
other carries a second cork, projecting out 
sideways, which can thus be moved in three 
directions. A part of this cork is cut away 
so as to form a slit, into which the handle 
of the lens fits and in which it is held by 
tightness. The same sort of arrangement 
may be useful for holding a lens in various 
positions when small loose objects are being examined by this 
instrument alone. 

The characters that can be studied in opaque minerals are the 
form of the sections, the colour and lustre by reflected light, the 
cleavages (which often appear as black lines or cracks) and the 
products of decomposition that occupy the cracks or surround 
the crystal. 

The characters of tranducent minerals may be separately 
treated as follows : — 

Form. — In rock sections allotriomorphic crystals, or those that 
are bounded merely by abutting against neighbouring forms, are 
so common that the worker is at the outset apt to feel discouraged. 
The idiomorphic crystals, with their proper boundaries, in 
which he has so delighted during his mineralogical studies, 
are found to be, as it were, interesting curiosities when 
compared with the mass of the crystalline substances with 




Fig. 16. 
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which he has to deal in rooks. But he soon realises that 
sufficient traces of regular outline frequently remain from which 
he can build up some well-known form; while in the lavas a 
number of sections are so sharp and satis&ctory that he can 
determine the angles between various planes, compare one result 
with another, and picture to himself the complete crystal from 
some ten or a dozen scattered sections in a slide. For the 
correct appreciation of the objects thus seen under the microscope 
a knowledge of the solid forms of minerals and mineral-aggro- 
gates is obviously necessary; the study of ''micropetrology* 
becomes otherwise somethmg artificial, extra-natural, and is 
liable to be looked on with hesitation by workers accustomed to 
rock-masses in the field. 

Just as no mountain-mass can be described by a stranger 
from a number of hand-specimens, however beautiful, so no rock 
can be adequately described from isolated microscopic sections. 
Again and again the observer will pass from his section to the 
solid specimen, and from this, in memory at any rate, to the 
great mass of which it formed a part. Even in his choice of 
descriptive terms, he will remember that nature is tridimensional, 
and that the object regarded by him under the microscope as a 
** plate " or ''lath" may be of considerable thickness in a direction 
perpendicular to the section. 

Having determined by a series of optical tests that certain 
sections in a slide belong to the same mineral, some fair deduc- 
tions may be made as to the nature of the solid form. A funda- 
mental enquiry is, however, how has* the rook-section been cut 
with regard to any structural peculiarity of the mass t Thus a 
foliated rock will yield elongated and even wisp-like sections of 
its minerals if cut perpendicular to the foliation-planes, while 
more or less expanded lenticular forms will appear in slides 
prepared parallel to these planes. A rock, again, in which the 
minerab have been arranged by flow may ordinarily show a 
number of prismatic outlines ; yet a section perpendicular to the 
direction of flow may represent the prismatic rods as square or 
almost circular areas, suggestive of cubes or granules. I^ finally, 
the minerals so arranged are prisms, the three axes of which 
differ considerably in length, the majority of sections may 
appear as fairly short 'Maths" in one slide, as long ones in 
another, and as broad plate-like forms in a third. The annexed 
diagrams (fig. 17) will aid in making this matter clear. 

When, however, the rock-specimen presents no peculiarities of 
structure, when in all aspects it looks reasonably similar in 
constitution, a single slide will enable one to ascertain the 
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general forms of the minerals that it contains. This is the caae 
with most granitic and microgranitic rocks, and with very manj 
of the lithoidal lavas. In these, if all the sections of one 
mineral appear approximately circular, as is the case with small 
leucites, garnets, <bc., the true form must be granular or 
spheroidal. If rectangular sections and hexagonal ^'plates" 
are associated, we are dealing with a mineral that crystaUisea in 




Fig. 17. 

hexagonal prisms. If square sections predominate, with a few 
rectangles and triangles, the true form is likely to be a cube ; 
if hexagons and squares abound, coupled with optical characters 
pointing to a mineral of the cubic system, that mineral has 
developed in rhombic dodecahedra or octahedra. Hexagons, 
puzzling at the first sight, are thus common in sections of well 
developed magnetite. The icositetrahedron, as in leucite, tends 
to produce oc^igonal forms. 

In the case of ordinary prisms with a long vertical axis, 
optical tests must as a rule be applied before they can be referred 
to one system or another. But the cross-sections, and especially 
those which are believed to be perpendicular to the principal 
axis, must be very carefully studied, and special slides may have 
to be prepared so as to include as many of these as possible. 
The angle between the traces of the prism-planes is of funda- 
mental value. 

In the measurement of angles, the cross-wires and graduated 
stage come into service. In dealing with this and other ques- 
tions, the rotation of the object is spoken o^ since the description 
of such operations can easily be translated by those who work 
with a fixed stage and rotating eye-piece, cross-wires, and 
polariscope. In all ordinary instruments, then, the point of 
junction of two edges of a crystal-section is made to coincide, by 
moving the slide upon the stage, with the point of intersection 
of the cross-wires in the eye-piece. One of the edges is then 
brought, by rotation of the stage, into coincidence with one of 
the wires, and the angle indicated by the index on the margin of 
the stage is noted. The stage is then rotated until the other 
edge in question coincides with the same wire. The angular 
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movement undergone by the stage gives, aocording to the direo- 
tion of rotation, either the angle between the two edges or the 
supplement of ihat angle. Of course if the two ediges to be 
examined are separated by an intervening edge or a broken 
part of the crystal, their point of intersection, if produced, can 
be approximately fixed by the eye and brought into the centre 
of the field. 

A number of such measures, and a number only, unless special 
optical tests have ^iven proof of the crystallographic position of 
the section, will ultimately give a very good idea of the angle 
between particular faces of the solid form. 

While the best evidence of the presence of twin-crystals lies 
in their effect on polarised light, yet the re-entrant angles 
characteristic of many such forms occasionally appear in sections. 
Crystals are, however, so often grouped together in irregular 
aggregates that re-entrant angles are by no means a sure sign of 
twinning. Occasionally, as in the little rutiles of some altered 
rocks, the whole form of a twin-crystal can be made out, the 
geniculated forms being in this case highly characteristic, lying 
as they do embedded in the thickness of the slide. 

The outlines of crystals often become iigured by the action of 
the fused vitreous matrix on them. TMs corrosion takes place 
mainly on the sur&ce of the crystal, as in quartz, or causes the 
whole interior to become penetrated bv glass, as in some 
pyroxenes and many felspars. The ramifying mesh of intruded 
glass shows in sections as a number of appcurently isolated knots 
a&d "enclosures;" but careful tracing of their origin among 
many examples proves that they are in reality connected with 
one another by delicate filaments or sheets of the same material 
(see figs. 35 and 37). Stresses set up either during or after the 
consolidation of a rock will also tend to destroy the original 
outline of crystals. They may thus become broken and even 
ground to powder, or deformed and drawn out into almost 
unrecognisable wisps. 

Still more interesting and remarkable, however, is the evidence 
afforded by the microscope of the reconstruction and growth of 
<^8tal8. Thus, by additions made at periods long sub^quent to 
the consolidation of the rock, worn, injured, or imperfect crystals 
Qiay be restored or raised to more or less pertect forms. In 
other cases, the additions may be made to porphyritic crystals 
during the final consolidation of an igneous rock. The litera- 
ture of this *' regeneration of crystals" has grown of late years. 
The reader should consult a paper by Prof J. W. Judd, 
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"On the grovth of crystals in igneoua rocks &ft«r their oon- 
lolid&tion" (Quart. Jovm. Oeol. Soc, vol xU. (1889), p. 176). 

We figure here two examples {fig. 18), one of felspar and one- 
of hornblende ; in the latter case the intenpaoea between injured 
and shifted oirstals have been filled up, as it were, by healing 
material, whioh has similar cleavages, and which ia optically 
continuous with the original material on one side of the crack or 
on the other. 

CleaT^fl. — The move- 
ment of crystals in rooks, 
and the stresses to which 
they are subjected, tend to 
reveal the cleavage of 
minerals by producing one 
or more series of fairly 
r^uiar oraoks. In sections 
these are distinguished 
without maoh difficulty 
from the more irregular 
lines of fracture that tra- 
verse almost all the min- 
erals. Decomposition often 
■tarts from the cleavage 

IfteoU erotted. The oryital baa been 



more or less clearly de- 
veloped aooording to the 
oharaoter of the mineral, 
and this fact is of deter- 
minative value. Thus the 
cleavage of epidote is 
cleaner and sharper than 
that of pyroxene; the 
rectangular cleavage-eya- 
tern of olivine is very rarely 
apparent ; quarts exhibit 
no cleavage, while felspar 
commonly does so in a very regular manner. An oblique illu- 
mination and a high power often prove a mineral to be cleaved 
which otherwise appears uniform and unbroken. 

An appearance of cleavage under the microsoope, and actual 
separation into lamellw in the mineral specimen, often arise from 
the development of minute platy products along "aolution- 
planes" in the crystal This "pseudo-cleavage," a character 



niiljsed by Beoondaij outgrowths 
into uie hemiarystalliDe groandmaai, 
and the repeated twinning has beem 
eiaotl; re^^aced. b. Hornblende 
in diorite — near Qnuids Mnieta, Mt. 
Bkno. X 40. Tbe brown oi^Bt^ 
appear to have been Bhitled on* 
•gaiait the othtu', and the interrening 
inegnlar areas have become filled up 
by eolonrleM teoondaiy ontgrowttw 
from <Mie side or the other in cMi- 
tannic with the original crystals. 
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Buperinduced by alteration, is very marked in the orthopina- 
ooidal separationrplanes of diallage. 

Endosnres. — ^Though any mineral may take up at the time of 
its formation enclosures of the matrix from which it is derived, 
or may shut up within itself pre-existing crystals, yet the nature 
and arrangement of such enclosures should be carefully studied. 
The regularly grouped plates already referred to, which there is 
excellent reason for classing as secondary products, will be dealt 
with below under the head of " Schillerisation f* but in addition 
to them there are often crystalline or amorphous bodies, and 
minute cavities containing gas, liquid, or glass, which may have 
been included at the time of consolidation. 

Glass-enclosures containing bubbles may frequentlv be dis- 
tinguished from liquid-enclosures by the immobility of the bubble 
and the occurrence of cracks or products of devitnfication in the 
clear substance surrounding it. 

Liquid-enclosures occur in various minerals, and are especi- 
ally abundant in the quartz of granitic and metamorphosed 
rocks. They should be studied with a power majpufying 500 
diameters, and the smallest will be found to possess the most 
active bubbles. In the case of some larger ones, the movement 
of the slide will cause the bubble to shiS) its position and thus 
prove the liquidity of the material; but as a rule it is the minute 
enclosures which will, after a little practice in observation, repay 
the worker in a brilliant and most satis£eu3tory way. Gentle beat- 
ing of the section will often aid in bringing about the unstable 
conditions which cause the movement of the bubbles. When the 
liquid has originally been a saturated solution, crystals may have 
separated out in it as it passed into a cold condition (fig. 19, 6). 

Ample observations have been made of late years, and may be 
repeated in any good collection of sections, to prove that liquid- 
enclosures often arise in minerals by solution acting within them 
long after they have consolidated. It seems impossible otherwise 
to account for the strings and bands of " enclosures " that run 
continuously from grain to grain in some altered sandstones 
(quartzites;, or in the secondary quartz filling the cavities of 
ancient lavas (fig 19, a). Indeed, the more the problem of 
crystal-growth and crystal-dissolution is studied, the more 
dif&cult it becomes to point to this structure or that as un- 
doubtedly fundamental and original. 

Schillerisation.* — ^In addition to the enclosures of glass and 

♦See Prof. Judd, "On the Tertiary and older Peridotites of Scotland." 
QuarL Jovara, Choi, Soc^ vol. xli. (1885), p. 383 ; also Mineralogical Mag,, 
▼oL viL, pb 81. 
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liquid, irhich &re occaaion&Uy seen voder the microscope to poaaess 
regular outlines, and to represent, tn fiict, the infilling of ac^tiva 
crystals, there are included in certain minerals a host of bodies 
that similarty owe their 
form to the crystalline sub- 
stance round them. The 
stages in the development 
of these minute plate-like 
" enclosures " have been 
worked out in a aeries of 
papers by Prof. Judd in the 
Quarterly Jowmal of Ao 
iieologieal Society and the 
Mineralogieol MagasAne. 
Theyhave long been known 
in sections of the massive 
fayperathene of Paul's 
Island, and have been con- 
jecturally referred to vari- 
ous mineral substances. 
Prof. Judd regards them 
as secondary developments 
of "mixtures of various 
oxides in a more or less 
hydrated condition, such 
as hyalite, opal, giithite, 
and limonite." Theyappear 
with marginal ramifica- 
tions, or with one or more 
definite edges developed, 
or finally as accurately 
bounded negative crystals. 
The planes of chemical 
weakaeas along which they 
are produced beoome lus- 
trous, as in hyperathene or 
diallage ; they also impart 
the well known play of 
colours to the sur&ces of certain felspars. This oharaoter of 
minerals, termed tehiller by German writers, has led Prof. Judd 
to introduce the word "scnillerisation" for the process by which 
the minute plates are developed. In studying the characters of 
various mineral species under the microscope, we shall see the 
importance attaching to certain well-marked schillerised t^pes. 



Fig. 19.— a. Quartz in altered rhjolite— 
Digoed, near Penmaohno, N. Walea. 
X 40. The ^;raiiular ijaartz is of 
■eoondary origrn, ocoupyuig a cavity; 
liqnid-enoloBurcs have developed in 
■tringB which run oontiiiuoaBly rram 
gmia to grain, proving that they are 
poBterior to the quartz, b, Liqiiid- 
mdoaurei with inibblea and cubic 
orystala aepanted from the saper- 
■aturated solution. Id quarts <rf 
tourmalin e-|p-anit«— Great Staple Tor, 
Dartmoor. x 320. c, Stmctorea 
produced bv MhilleriBation in latea- 
dorite — Labrador. x 80. Three 
series of regularly arranged platee are 
■eeu in all sta^a of development. 
The platee praiSically perpeDdienlar 
to the eection appear aa thin liiiet. 
Bands of Uquid-enokMure* also tra- 
verse the erystala. but not along 
regular planea. 
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It must be noted that the paralleliam of the products of 
flchilleiisatioQ can be observed only in sections across the 
solation-planes on which they are deyeloped. Thos some sections 
wUl show only a few scattered negative crystals, like little plates 
lying apparently hap-hazard. Bat some other section of the 
same mineral will show these plates edgewise, when they will 
resemble lines, and the regularity of their disposition will be at 
once apparent (fig 19, c), 

A mineral may become schillerised throughout, or the pheno- 
menon may appear only in patches. Attention is commonly 
called to it, even under a 1-inch power, by the fact that the 
products are coloured, being often pink-brown or transparent red. 

Zoned Stoncture.— k)rystals are often seen to be built up of 
successively formed layers, producing concentric zones in sections. 
The slight differences in composition that may occur in adjacent 
zones, and the consequent difiference of refractive index, causes a 
fine line of junction to appear between them, especially when 
the light is sent obliquely from the mirror. These zonal lines 
are parallel to the outlines of the crystals, and must be distin- 
guished from deavage-cracks or the composition-planes of twin- 
crystals, which will run right across the crystal parallel only ta 
certain planes. 

The surfaces of the successive coats by which a crystal may 
be thus built up may become covered with foreign particles^ 
which will appear as zonally-arranged enclosures in the sections. 
Polarised light may also reveal zoned structure, owing to occa- 
sional differences of optical behaviour in the various zones. * 

Kefiractive Index.— Since Canada balsam, the medium com- 
monly employed in the mounting of rock-sections, has a maxi- 
mum refractive index of 1-549, or, in practice, of 1*540, light 
passes freely from it to the interior of minerals having a similar 
index, and from these again to the upper film of balsam. They 
thus appear clear and with smooth surfaces. Quartz, with a 
refractive index of 1*547, is an excellent example of this 
class. 

But many other substances, with higher mean indices of re- 
fraction, exhibit the roughnesses and irregularities of their 
ground surfaces where the light passes from them to the balsam 
or the reverse. The mirror should be set obliquely, or a stop- 
lens may be used. It is quite as convenient to place the finger 
a little below the aperture of the stage, so that the light reaching 
the section consists of the oblique rays from the margin of the 
mirror only. Garnet will show this *' pitted " effect in a most 
* See on this matter L^vy and Laoroix, Le$ Miniraux dea Boehes, p. 85. 
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conspicuous manner. Where a mineral of high refractive index 
is surrounded by others of a lower index, its boundaries ^rill 
appear as sharp and dark lines, and it will seem to stand out in 
relief on the surface of the section. 

Minerals with a refractive index much lower than that of the 
balsam are rare, but will of course exhibit the same effect. The 
Average index of refraction, which is that quoted later in the 
description of the minerals, is arrived at from a determination 
•of the three principal indices of the crystal, the figures being 
those given by MM. L^vy and Lacroix in their Tcibleaux des 
Mineraux dee Roches. (See p. 87.) 

Dr. F. Becke ('' Ueber die Bestimmbarkeit der Gesteins- 
gemengtheile auf Grund ihres Lichtbrechungsvermbgens," 
Sitzungaher. der h AkacL der Wissenseh,, Vienna, Bd. ciL, 1893, 
p. 358) has given us a most refined and practical method of 
determining whether a mineral in a rock-section is of higher or 
lower refractive index than an adjacent mineral, or than the 
balsam in which the section is embedded (see L6vy, DHerm, des 
Feldspatha, pp. 59-63). The line of junction between the two 
minerals, or between one on the edge of the section and the 
balsam round it, is accurately brought into focus. A fairly high 
power should be used. The light should be thrown up obliquely 
from the mirror; or, as M. L^vy prefers, the converging lenses 
are employed, a diaphragm being added below them to cut off 
all but the rays from the centnd area. The common mirror, 
however, acts well in most cases. 

The rays that come up through the substanoe of higher 
refractive index, and strike its surface of junction with the 
adjacent substance at an angle lower than that of total reflection, 
are all totally reflected, and are accumulated on the side of the 
substance of higher index. When the objective is slightly 
raised, a bright band is seen on that side — 1.0., within the 
border of the substance of higher index. Lower the objective 
below exact focus, and the rays seem to come from the other 
side — 1.0., the bright border lies in the substance of lower re- 
fractive index (the two uses of the word " lower " make the 
matter easy to remember). 

This observation detects differences of index as small as *009, 
and is capable of many practical and even elaborate applications, 
especially amonff the felspars and the felspathoids. 

Colour in Orfinary Light. — This character is naturally dimin- 
ished in importance by the thinness of the section; and the 
caution previously given as to the colour of minerals in mass is 
•even more necessary here. Red felspars and bronze-like micas 
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will become colourless in ordinary sections; grass-green actinolite 
may behave similarly, while common hornblende retains tints of 
green or brown. In the case of minerals like the felspars above 
mentioned, where the colour is due to alteration, the transmitted 
light should be cut off and the section examined by light reflected 
from its surface. Cloudy products will often thus be^me yisible, 
which impart their colour to the mass. 

The phenomenon of pleochroism referred to on p. 89 naturally 
has considerable effect upon the colour of thin sections. The 
▼ariability of the fisMse-colours in the same crystal will cause 
striking differences in the appearance of a mineral according to 
the direction in which it is traversed by the section. Thus 
hornblende may be dark green and pale yellow-green in the same 
slide, and biotite will be of various tints from straw-yellow to 
rich red-brown. 

AxiB-pleochroism (see p. 90). — The light emerging from a 
NicoPs prism is regarded as vibrating parallel to the shorter 
•diagonal of the prism. If we send this light from the prism 
through a section of a doubly refracting crystal, other than one 
perpendicular to an optic axis, it will be broken up into two sets 
of rays, unless the plane of its vibration is parallel to one of the 
vibration-traces of the crystal-section. It will in the latter case, 
however, give us a pure axis-colour for the mineral section dealt 
with ; and, if this section has been cut so as to indude the vibra- 
tion-directions of the fastest and slowest rays in the crystal, 
the axis-colour thus observed will be one of those required 
in describing the characters of the pleochroism of the mineral. 
On rotating the section, or the nicol, through 90°, the other 
exUeme axis-colour will be observed. 

The mere fact that a mineral is pleochroic in its thin sections 
IB of great determinative value. The polariser is brought into 
play beneath it and rotated ; or the crystal-section is rotated by 
means of the stage above the polariser. If any change of tint is 
observable, the mineral is dichroic or trichroic, according to the 
system in which it crystallises; commonly it is said to be 
pleochroic. It is obvious that the most intense pleochroic 
changes will be seen in sections that contain the vibration- 
directions of the ^test and slowest rays in the crystal An 
extreme case is that of tourmaline, where the plane polarised 
light undergoes in thicker sections almost complete absorption 
when vibrating in a direction perpendicular to the principal 
erystallographic axis. In biotite, again, sections perpendicular 
to the basal plane are extremely pleochroic, the maximum 
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absorption oocurring under the same conditions as in tour- 
maline.'^ 

On the other hand, the ocoarrenoe of non-pleochroic sections 
is no proof that the mineral itself is not pleochroic. Where 
there is only a slight difference between the velocity of rajs 
vibrating respectiyelj parallel to the two vibration-traces of the 
section, the axis-colours for this section may be indittinguish- 
ablej and where no double refraction occurs, pleochroism will 
be entirely absent. Thus basal sections of biotite show no 
pleochroism, however intense it may be in oblique or vertical 
sections ; and the same must be true of all basal sections of 
indubitably tetragonal or hexagonal minerals. 

Hence, when in the following pages the pleochroism of a 
mineral is stated to be strong or intense, the remark refers to 
its average character in hap-hazard sections, the true maximum 
intensity being looked for, as already stated, in special sections 
(see p. 143), and the effects being liable to great variation in 
sections of the same mineral lying in the same slide. 

In some colourless minerals, such as calcite, the difference of 
absorption for rays vibrating in different directions may be so 
great that a twinkling effect is produced on the rapid rotation 
of the polariser beneath the section, by which means such 
minerals may easily be picked out. 

The simple mode of observation of axis-colours by means of 
the single nicol was introduced by Tschermak in 1869. 

Doable Refraction. — If, however, we insert the analyser as 
well as the polariser, cross the nicols, and thus observe the 
mineral, we frequently see colours produced which are due to 
double refraction in the crystal and the interference of the rays 
of the two groups when brought to one plane of vibration in the 
analyser. The strength of the double refraction is expressed 

* When the absorption is bo great as to cause the light emersing from 
the crystfld-seotion to consist practically of one and not two sets ot rays, the 
other set being arrested, as m the case of plates of tourmaline, a onrious 
effect may bscome noticeable when axis-pleochroism is being observed. 
The lower nicol and the absorbing mineral may act together as a complete 
polariscope ; hence if the slide is uuck enough to allow of the pBesenoe of a 
doubly -refracting mineral between the polariser and a layer of the absorbing 
erystal, interference- colours will be seen at this point without the interposi- 
tion of the upper nicol. This effect is often brilliantly seen where the edges 
of biotite or tourmaline overlap quartz or felspar in the section. If the 
slide is rotated until the mineral actinff as analyser is at its darkest, the 
effect due to crossed nicols is produced ; wis may be tested by inserting the 
true analyser above, when the colours already seen will remain unaltered, 
showing that the li^ht has been already "analysed," and therefore cornea 
through the upper niool without further change. 
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nnmericallj by 7 - a (see p. 87), and the oolours are high in 
Newton's scale if this figure is large, say -040, and low if it is 
■mall, say *005. A mineral giving high colours is said to have 
strong double refraction, the low colours indicating weak double 
refraction. These colours will also depend on the thickness of 
the section, and on the direction in which it has traversed the 
crystal; their intensity will depend on the position of the 
vibration-traces of the section with regard to tne diagonal|» of 
the niools. 

Firstly, then, for comparative purposes sections should be of 
equal thickness. 

Secondly, the most distinctive effects are gained from sections 
that contain the vibration-traces of the &stest ray and the 
slowest ray in the crystaL 

Thirdly, the maximum brilliance of colour in any crystal- 
section is obtained when the vibration-traces are at 45* with 
the diagonals of the nicols. 

The thicker the section of a mineral, the higher the colour 
yielded by it between crossed niools ; but, in ordinary thin sec- 
tiona minerals of strong double refraction may easily be picked 
out from those of weak, bv the difference oi the tints exhibited. 

Extinction. — But it is obvious that when the vibration-traces 
in the crystal-section lie parallel to the vibration-planes or 
diagO|ials of the nicols, no double refraction will occur. The 
rays from the polariser traverse the crystal -section without being 
divided and rotated ; hence they reach the analyser unchanged 
and are totally rejected, just as if no mineral intervened. The 
section appears, therefore, dark ; it has undergone extinction. 

The vibration-traces in a crystal-section being always at right 
angles to one iwother, the section will beoome dark in four posi- 
tions 90^ apart during rotation between crossed nicols. These 
positions of extinction show us then, conversely, the positions of 
the vibration-traces in the section, and may be stated as occurring 
■o many degrees away from some known line in the crystaL 

For the reading of angles of extinction certain crystallographic 
directions are selected, such as the vertical axis — often indicated 
by cleavage — or the edge formed by the intersection of two pa]> 
ticular planes. This selected direction is set parallel to one of 
the cross- wires of the eye-piece, and the reading of the graduated 
circle is taken. The stage is then rotated until the crystal is 
at its maximum darkness, and the angle through which it has 
been moved gives a measure of the position of extinction. 
In accustoming the eye to correctly estimate this position, 
it is well to< take readings during a complete rotation, the 

10 
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iigures recorded differing, it' the observations are aocnratey by 
exactly 90**. 

It should be noted that sections perpendicular to an optdo 
axis of a biaxial crystal do not become extinguished daring a 
rotation ; such sections may easily be tested by the use of 
convergent polarised light (p. 151). There are also some few 
minerals in which the optic axes for light oi different colours 
differ widely in position, or even lie in different planes. Henoe 
the position of the bisectrices, which control the angles of ex> 
tinction, cannot be stated for ordinary white light, and sections 
may be rotated between crossed nicols without at any time 
becoming actually extinguished. 

Various optical aids have been applied to the measurement of 
extinctions. Thus a quartz plate giving a particular tint between 
the nicols is sometimes inserted above the slide. As long as the 
directions of vibration in the crystal-section deviate from those 
of the lower nicol, so long will the crystal impart a new tint to 
that part of the quartz plate which lies above it. But when the 
position of extinction is reached, the action of the crystal is nil, 
and the whole quartz plate resumes its uniform colour. It is 
believed to be easier to judge of the uniformity of colour than 
of the appearance of maximum darkness in the ordinary way. 
Certainly the Bertrand eye-piece, a development of this method, 
is very delicate and satisfactory in use. The quartz plate is 
made of four separate sectors, meeting at the centre of the 
field, two of them, through circular polarisation, rotating 
the ray to the right, and the alternate ones to the left, 
the four having between crossed nicols precisely the same 
tint. A crystal placed with regard to the polanser in any 
other position than that of extinction imparts opposite colours 
to the alternate sectors when brought into the centre of the 
field; and its vibration-traces are parallel to the diagonals 
of the lower nicol when the colour of the four sectors is 
restored. 

In measuring the angle of extinction, every regard must be 
had to the direction in which the section has been cut. The 
most important cases to consider are those in which the form is 
prismatic and the section is judged to be parallel to the principal 
axis of the crystal. 

In the tetrctgonal and hexagonal systems, all sections from the 
prismatic zone will become extinguished when their principal 
axis is set upright in the field between crossed nicols, and 
therefore also when this is placed horizontally. Such cases, 
where the directions of extinction are parallel to the edges of the 
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rectangular sections, and thus to the axes of form, are said to 
possess straight extinction. 

In basal sections of crystals of these two systems, the velocity 
of rays yibrating in all directions is equal, and hence no effect is 
produced on polarised light Such sections are, in fact, perpetu- 
ally extinguished between crossed nicols. 

In the rhombic system, all sections from the prismatic zone 
possess straight extinction. 

The base and all raacrodome and brachydome plaues, though 
not necessarily rectangular in outline, extinguish parallel and 
perpendicular to the traces of the pinacoids when these are 
present, or to the axes of symmetry of the sections when they 
are bounded by traces of other planes. The straight extinction 
of all possible sections of the prismatic zone is a very distinctive 
character. 

In the monoclinic system, the only section of the prismatic 
zone that possesses straight extinction is that parallel to the 
orthopinacoid. Hence all ordinary vertical sections show oblique 
extinctiOD, which is commonly measured from the direction of 
the principal axis, as indicated by the traces of other planes of 
the prismatic zone or of the vertical cleavage-planes. The 
inclination of the direction of extinction to this vertical line 
increases gradually as the section departs from the orthopinacoid 
and approaches the clinopinacoid. Since in the latter plane, 
however, it may amount to only some 4* or 5*, certain mono- 
ohnic minerals may be set down on hasty observation as 
rhombic. 

The orthodomes and the basal plane behave like the domes 
and base in the rhombic system, but the dinodome extinguishes 
obliquely. 

- In the Pridinie system there is no fixed relation between the 
directions of extinction and the axes of crystallographic form. 

Optical Sign. — When, by observation of the directions of 
extinction, the directions of the vibration-traces in a section 
have been found, it often beoomes of importance to determine 
which of these belongs to the iaaX, and which to the slow ray. 
By the use, moreover, of several sections of a biaxial mineral, 
the relations of its principal vibration-directions (corresponding 
to rays of greatest, mean, and least velocity) to the crystallo- 
graphic axes may be determined. The importance of these 
points for determinative purposes, in the case of minerals other- 
wise resembling one another, may be seen from the remarks on 
p. 88. 

The only means of determining the character of the vibration- 
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directions to which we need here refer is that involving the use 
of the quartz wedge. This is so cut that its longer axis is 
parallel to the optic axis — i,e.y to the longer axis of the optical 
indicatrix — of the original crystal of quartz. The slowest-ray 
vibration-trace is thus parallel to the length of the wedge, and 
the fastest-ray trace perpendicular to it. When the wedge is 
placed with these traces at 45* to the diagonals of the crossed 
nicols, and is moved over the field of the microscope between 
them, a series of bands of colour will be seen crossing it, rising 
in Newton's scale towards its thicker end. These are, of course^ 
the interference-colours due to the particular thickness of the 
wedge at any point ; their cause is aamirably stated in Groth's 
Phynkaliache Krystallographie, ed. 3, pp. 33-44. 

For the determination of the nature of either of the vibration- 
traces in a crystal-section, the section is placed in a position of 
extinction and then rotated through 45**. The quartz wedge is 
then moved above it, either across the stage or through a special 
slot, so that the longer direction of the wedge lies parallel to the 
direction of extinction that has to be determined in the crystal. 
If this direction is also the slow-ray vibration- trace in the 
section, the colour due to the quartz wedge will rise, as if the 
wedge became thicker where it overlay the crystal. I^ on the 
other hand, the direction is the fast-ray vibration-trace, the 
colour will be lowered, and sooner or later, as the wedge con- 
tinues to be inserted, campenaation or blackness — usually a grey 
effect — will result. If the wedge is still further inserted, the 
colours which the mineral has just displayed in a descending 
order will be exactly repeated in ascending order, and this 
repetition equally on ecu^h side of the position of compensation 
is, as M. L^vy points out, the best, possible proof that compensa- 
tion has really occurred. Test the section now by inserting the 
wedge along the other vibration-trace. The colour of the section 
will rise continuously, and no darkness due to compensation 
will occur.* 

Though a vast amount of work can be done with the simplest 
polarising microscope, yet the quartz wedge is an accessory that 
few will like to dispense with when once the advantage derived 
from its use has been experienced. For minerals with very 
strong double refraction, such as zircon, a thicker wedge than 
usual will be required. 

Twin- crystals. — Except in certain sections, the two halves of a 
simple twin, or the adjacent lamellse of a repeated twin, will give 

* The two colour-effects can be seen simolUneously by means of StOber's 
double quartz plate {Zeitachr, fUr KryH,, Bd. xxix., 18^^, p. 22). 
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<mforeiit colours betveen cro«aed nicok, and will hftve different 
utglea of extinction (fig. 16, a). Tbe polnriscope indeed at once 
reveals the composite Suracter of many crystals in which twin- 
ning would otherwise be undetected Cases of cross-twinning, 
ad in microcline, also occur. The sur&ce of junction of the parts 



Fig. 80. 

of s twin is seen under the microscope to be often step-like or 
even irregulu; and in oases of repeMed twinning tbe Unielle 
are sometimes wedge-shaped, and do not run from end to end of 
tiie crystal -section. 

Aggreg&tes. — Ordinary aggregation must be distinguished be- 
tween crossed nicols from twinning by the absence of regularity 
in tbe grouping of tbe constitnent parts. A false effect of 
regularity is often set up where a mass is composed of fibres 
lying in all directions. Between crossed nicols, the fibres that 
hnppen to lie with their vibration- traces at 45' to the diagonals 
of the nicols show their brightest interference-colours, and catch 
the eye unduly. These fibres clearly form two sets, perpen- 
diculu- to ouH another; and thus the illusion of a rectangular 
meshwork ariaeB. If the stage is rotated, however, the two series 
cf bright fibres give way continually to others, thus changing 
tiieir Erections in the slide. 

When, however, a globular aggregate, aa so often happens, is 
composed of a number of minute prisms, whether arranged 
radially or tangentially, a black cross will result between crossed 
nicols in ordi^ry polarised light, from the fact that the com- 
ponents lying in the positions of extinotion all become dark at 
the same time (fig. 20, a and b). 

If the directions of extinction tigne with the axes of form, the 
arms of the cross will appear upright and horizontal in the field. 
If snob an aggregate is ellipsoidal, but still built radially, the 
bUck cross will be unaSected by rotation of the stage (fig. 30, ej; 
bnt if built by tangential additions, its arms a)>proacb or recede 
daring rotation (fig. 20, c and d). 

If the aggregate is built up of irregularly curving tu^ and 
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fibres, several dark arms may appear, altering their forms, as 
well as their positions, daring rotation. 

IsotropiSBL — If a section remains equally dark between crossed 
nicols through a complete rotation — 45 degrees is in reality suffi- 
cient — ^it is said to be Isotropic, Such bodies are : — 

1. Amorphous and colloid, such as glass or opaL 

2. Minerals of the cubic system, the velocity being the same 
for rays propagated in all directions, and no double refraction 
occurring. 

3. Basal sections of minerals of the tetragonal and hexagonal 
systems. 

In nature very few bodies are absolutely isotropic, owing ix> 
the stresses to which they are subjected in the earth ; but the 
test is a very valuable one in picking out cubic minerals. In 
cases where the section is truly isotropic, but may yet belong to 
a uniaxial mineral, the use of convergent polarised light (p. 151) 
will set the question at rest^ no black cross being obtained if the 
substance is really cubic. 

Distortion and Anomalies. — The geologist must be prepared to 
find himself continually confronted by difficulties over which he 
can have xlo control. Even in estimating extinctions, bending 
of or pressure on the crystal may interfere with the results of 
this comparatively simple operation. Such distortions frequently 
occur, and one end of a crystal will be seen to give a totally 
different colour between crossed nicols from that given by the 
other. A crystal in which strains have been set up will some- 
times send a wave of extinction from one end to the other during 
rotation. Hence in all refined observations the object must 
be very cautiously selected. 

The Anomalous double refraction of minerals of the cubic 
system is now well recognised, and is probably accompanied, a& 
in leucite, by a true external reduction of symmetry. To exclude 
garnet, or haiiyne, or even the much discussed leucite, from the 
cubic system on account of their optical behaviour and anomalies 
of form would be the first step towards the abolition of the 
system or to the admission that most cubic minerals are dimor- 
phous. It would seem that symmetry so complete and exacting 
is unable to survive amid the varying temperatures and pressures* 
that assail crystals from the first moment of their consolidation. 

Ordinarily, however, the anisotropism of these anomalous 
cubic crystals reveals itself in tints of a very low order — in fiwjt^ 
the grey and white at the opening of the scale. Only in sections 
of some millimetres in thickness is coloured polarisation con* 
spicuous. 
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Similar strains disturb the optical characters of mineraU when 
viewed with convergent light ; so that the observations to which 
we now proceed most be made on a number of sections of the 
same mineral in a slide before accorate conclusions can be drawn. 
Uniaxial and Biaxial Ciystals in Convergent Polarised Light — 
The chief use of the sub-stage condenser in dealing with rock- 
sections is the determination of the uniaxial or biaxial character 
of doubly refracting minerals. A mineral-section is selected 
with the low power which appears suitable from a consideration 
of the probable position of the optic axis or the optic axial plane. 
Having been moved into the centre of the field, a high power, 
preferably an eighth-inch, is brought to bear on it, and the 
condenser is adjusted so as to converge the rays within the 
crystaL The nicols are crossed and the eye-piece is removed, 
the eye probably requiring to be held at a little distance from 
the top of the tube. As already mentioned, a lens may be used 
above the objective that will bring the optic axial figure within 
the focus of the eye-piece, which is thus retained ; but it is note- 
worthy that observers of great eminence have preferred the 
smaller but brighter results given by the simple observation 
down the tube. 

Rotate the stage, and, if the section is at all fi&vourably cut, a 
dark shadow will move across. Some minerals with a strong 
double retraction, Huch as epidoto, will show in addition coloured 
rings even in thin sections. The thicker the section, the more 
of these iris-tinted rings will appear within the field. 

The indications of the rings and shadows, subject to the 
cautions given under the last heading, may be stated as follows, 
a. Uniaxial MineraU, — 1. An isotropic section should, if 
possible, be selected — 1.0., one perpendicular to the optic axis* 
In the case of quartz, owing to the rotation of the polarised ray 
to right or left by circular polarisation, even sections thus cut 
are not truly isotropic. 

A section perpendicular to the optic axis will show a black 
cross, which is unchanged on rotation. Sometimes coloured 
circles may be seen round it. • The arms of the cross are parallel 
to the vibration-planes of the nicols (fig. 21, a). The microscope 
Rhould be tested on a good section of calcite, devoid of flaws 
since little errors in the construction of the condenser may cause 
the cross to divide at the centre during rotation as if the mineral 
were biaxial 

2. K the section is oblique to the optic axis, the rays travers- 
ing it parallel to that axis may still be able to enter and emerge 
from ^e obiective. In this case the centre of the black cross 
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will appear, but will not be in the centre of the field, and will 
shift its position as the stage is rotated, thos moving round in a 
circle (fig. 21, 6). 

3. If the section is still more oblique to the optic axis, the 
centre of the black cross will lie outside the field, and only one 

•® -G ^ €t-C^ 

Fig. 21. 

of its arms will become visible at a time. Thus on rotation a 
black bar will move across the field, keeping in a vertical position, 
followed by one moving across in a direction at right angles to 
the former, thus keeping in a horizontal position ; when this has 
disappeared, the third arm appears, moving like the first ; and 
then the fourth, moving like the second. The absence of 
deflection in the dark bars is the point to be especially noted 
(fig. 21, Of dy and e). 

Strain will destroy this regularity ; some biaxial minerals, on 
the other hand, have so small an optic axial angle that the 
figure given by them scarcely deviates from the black uniaxial 
cross throughout a complete rotation. 

fi. Biaxial Minerals. — 1. If cut so that the rays parallel to an 
optic axis reach the eye, the section shows a dark bar which 
swings round on the rotation of the stage, moving in an opposite 
direction. At the same time it becomes hyperbolic, straightening 
itself out in four positions during rotation. Coloured rings may 
possibly surround the optic axis, as above described. 

Since the bar becomes straight when the trace of the optic 
axial plane is parallel to the vibration-plane of either nicol, and 
since the bar then lies along this trace, it may be of service as 
giving the position of the optic axial plane in the crystal. 

When the section is oblique to the optic axis, o, through which 
the black bar passes, this moves round the centre of the field 
(fig. 21, /, ^, and h). 
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2. If the section is more oblique to the optic axis — i.0., if it 
approaches more nearly to a direction perpendicular to one of 
the bisectrices — the dark bar may escape from the field during 
rotation. 

3. If the section is perpendicular or approximately perpendi- 
cular to one of the bisectrices, preferably the acute bisectrix, a 
black cross will appear when the optic axial plane is parallel to 
the vibration-plane of either niooL Rotation at once causes a 
separation of the cross into two hyperbol», though in a few 
minerals this separation is very slight (fig. 21, % and j*). 

In the examination of thin sections, both the optic axes of the 
figure in the case we are considering generally lie outside the 
limits of the field, and hence, when the optic axial plane is at 
45° to the diagonals of the nicols, both the hyperbolse are carried 
out of sight. Their convex sides always hfif^ the bisectrix which 
emerges in the field, and the thinner arm of the black cross that 
can be formed by them lies along the trace of the optic axial 
plane. 

This occurrence of t^io dark curves sweeping across the field 
and uniting at every 90* of rotation to form a cross is one of the 
best features by which biaxial crystals can be determined. In 
default of so good a figure, the curvature of the single bars that 
come into view must be noted, in opposition to the permanent 
staraightness of those of uniaxial crystals. The typical figure 
given by biaxial minerals may be well studied in muscovite, and, 
commencing with a thick piece, the specimen should be thinned 
down until the hyperbole are accompanied by the merest trace 
of coloured rings. 

In certain special cases, finally, where it is known that the 
section is perpendicular to the acute bisectrix, the optical sign of 
the crystal can be simply determined. The trace of the optic axial 
plane is set at 45° to the diagonals of the nicols ; since it is one 
of the vibration-traces of the crystal-section, determine with the 
quartz wedge in plane polarised light whether it corresponds to 
the ray of jrreatest or least velocity (sed p. 147). If greatest, that 
is to say, if compensation occurs when the wedge is thrust along 
this direction, then the vibration-trace perpendicular to the optic 
axial plane is that of the slow ray in the section. Since this latter 
direction is always the vibration-direction of the ray of mean 
velocity in the crystal as a whole, the acute bisectrix, the normal 
to the section, must be the vibration-direction for rays of lea«(t 
velocity in the crystal, which is, therefore, positive. If the 
experiment gives a reverse result, the crystal is negative. 
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CHAPTER XVI L 

THB 0HABA0TBB8 OF THE OHIBF BOOK-FORMING MINERALS IN THB 

ROOK-MA88 AND IN THIN SECTIONS. 

XJndeb this headii^ are given the characters presented bj 
common minerals as they occur in rocks, the order followed 
being alphabetlcaL The minerals of first importance are 
printed in thick type. Each description is divided into two 
parts: — 

I. The most striking characters of the mineral as it appears 
embedded in the rock-specimen, with one or two additional 
notes. 

n. The characters it exhibits in microscopic sections. The 
abbreviations used are as follows : — 

Chmp, — Chmnioal oompositioii. 

Siftt, — Crystallographio system. 

Form, — Ordinary form, or outlines in leotionB. 

OUao. — Gleftvage. 

BneL — Enoloeores. 

Zon, — ^Zone-stmotore. 

Refr, Index, — Average index of refraction (determined with yellow 
light). 

Oolour. — Coloor as seen in ordinary light. Variations aooording to the 
fiuse viewed (faoe-oolonrs). Appearance of alteration-prodnots. 

PUo, — Pleochroism as observed by means of the single nicol (axia- 
ooloors). 

D. i^tf/r.— Donble refraction. This is "strong" when the difference 
between the greatest and least index of refraction in the ciTstal is lazge 
(say '040), and "weak" when this difference is small (say '006). In the 
former case we have *' high " colours, in the latter " low." 

Ex^net. — Positions of extinotion. 

OpL tign. — Optical sign; indnding character of the aoate bisectrix^ 
and its position. 

Twins, — Characteristic twinning. 
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Actlnolite. — A non-aluminous amphibole. Special points : — 
L Long prisms, distinctly green ; often in radial bunches. 
II. Cohur — Often colourless. Pleo, — Correspondingly feeble.. 

Note,— Set Hornblende and TremoUte. 

JEomivm. — See Soda- Pyroxenes. 

Albite. —See Flagioclases. 

Amblysteoite. — See Rhombic Pyroxenes. 

Ajcethyst. — Like quartz. Special points :— 

L Violet colour; occurs in cavities of rocks. 

n. Pleochroic when the section is thick enough for the colour 
to appear. 

Amphiboles. — See Actinolite, Anthophyllite, Hornblende, 
Soda-Aiiiphiboles, Tremolite. 

AiTALCiME. — Comp. — Some yarieties - Na^Al^Si^Oj, + 2H2O. 
Syst. — Probably cubic. 

I. In cavities of rocks ; colourless glassy-looking or opaque 
white icositetrahedra, commonly in groups. 

II. Be/r. Index. — Near lencite (1'487). /). Re/r. — Sometimes 
anomalous, in grey and greyish- white tints ; sometimes forms 
an isotropic ground-mass between other minerals. 

NoU.^T'OBea easily, and ffelatiniseB in HCL Compare leucite, which it 
reeemblee eztemally. If the substance is transparent in the mass, it is 
very probably anafoime rather than lencite. Analoime may occur as a 
deoomposition-produot of nepheline. 

Akatabb. — Camp.— Ti Oj. Sy»t, — Tetragonal 

L Occurs as brilliant blue-black to black modified pyramids, 
which, though commonly about 3 mm. long, catch the eye by 
their lustre on the surfaces of rocks. Is found sometimes on dis- 
solTing limestones or extracting the heavy minerals from sands. 

IL Hefr. Index— Yerj high (2-62). 

Akdalusitb. — Comp, — Alj Si Og. Sysi. — Rhombia 

L Sometimes seen as well marked and nearly square grey or 
pink prisms in schistose rocks, or as blue-grey heavy granular 
aggregates (specific gravity = 3*18). 

n. Form — Small granular, as in Cornish granites, to rod-like, 
as in schists. Be/r. Index — 1*638. CoZour— Colourless, or face- 
colours faintly pink or green. Pleo. — Remarkable, from palest. 
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green to a brownish or pinkish red. Obscured in the imperfect 
specimens in schists. 

^ote.— See Chiastolite. 

Anorthite. — See Plagioclases. 

Anobthoglase. — See Microcline. 

Anthophyllitk. — Comp» — (Mg, Fe) Si O3 with Al, O3 at times 
^Gbdritb). Syst, — Rhombic. 

L Not known as a common constituent, but may assume 
importance when closely looked for. Occurs as groups of lon^ 
prisms in some metamorphic rocks, and among the zones of 
secondary minerals in some altered gabbros. 

n. Form and Clea/v, — Practically the same as hornblende, but 
with rhombic symmetry. Colour — Colourless in examples at 
present known. Extinct, — Rhombic, t.«., straight, extinctions. 
Soda-hornblendes and brown ferriferous hornblende have, how- 
-ever, only a small angle of extinction. 

Apatite.— Comp.— 3 Ca, P« Og + Ca(Cl2, Fj). i9y««.— Hexagonal. 

I. Sometimes visible as yellowish-white streaks in metamorphic 
rocks, scratchable with the knife; but, despite its abundance, 
-commonly too small for detection with the eye. 

II. Form — Long prism, giving hexagons and aoicular forms. 
Occurs as minute crystais included in the other minerals of tbe 
rock; rarely in larger ))risms. Cleav. — Not seen. End, — 
Absent. Refr, Index — Higher than felspars (1'637). Colour — 
Odourless; no decomposition-products. /). Refr, — Somewhat 
weaker than felspars. Opt, Sign — Negative. (Fig. 27.) 

Note. — ^Nephellne crystallises in shorter prisms, commonly contaiiiB 
•enclosures, and readily dooomposes, showing yellow -brown sections. 
Primary quartz does not occur in prisms in igneous rocks; quarts is 
positive. 

Aragonite. — Comp, — Ca O3. Syet, — Rhombic. 

I. Oommon in the deposits of warm waters (pisolitic grains, 
^.) and as a constituent of the shells of many genera. Forms 
also radial groups in the cavities of altered rocks. Specific 
gravity = 2*93 ; calcite « 2*72. Slightly hander than (^loite, 
which it consequently scratches. 

IL Form — Prismatic, the compactness of grouping often 
veiling this in sedimentary rocks. Refr. /n^^ap-— Higher than 
<5alcite (1*632). Colour — Colourless. D, Refr, — Colours like 
calcite. Optic axial plane in macropinacoid. Extinct. — Rhombic 
•extinctions. Opt, sign — The vibration-direction for the fastest 
ray coincides with vertical axis; it is the acute bisectrix, and 
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tbe mineral is thus negatiye. In caloite also the Tertical axis is 
the Tibration-direction for the £utest ray. 

A&FVSD80NITB. — See Soda-Amphiboles. 

Aogite. — Comp. — Approximately (Ca, Mg, Fe) Si O3 with some 
AL O3 and Fe, O, (see Qroth, Tab. Ueberaichl, 1S98, p. 146). Syst. 
— Monoclinic. 

L Black and often short prisms, or granuW groups between 
felspars. Sometimes dark or pale green. Oleavage-snrfaces 
often Tisibla Slightly scratched with knife. Forms sometimes 
ophitic masses, and appears as if uniformly infilling the spaces 
between the felspars, or around granular olivines. 

n. Form — Prismatic, with eight-sided cross-sections, both 
pinaooids being developed as well as the prism. Angle of the 
latter 87^ (figs. 38 and 40). Vertical sections show tbe trace 
of one or both the characteristic half-pyramid planes. Often 
grannlar or ophitic CUav, — Prismatic, showing thus in cross- 
sections a series of cracks intersecting nearly at right angles. 
End. — Glass and crystalline enclosures fairly com mon. The schi 1- 
lerised forms pass over into diallage and ''pseudo-hypersthene."^ 
Zon. — Common in large examples. E^, Index — 1*72. Colour 
— Typically yellow - brown to purplish - brown. Occasionally 
almost colourless (diopsidb). The green varieties are described 
under soda-pyroxene. Pleo. — Very slight, except in the soda- 
augites. 2>. Bsjr, — Fairly strong, the colours commonly being 
the pinks, yellows, and greens of the second and third orders. 
Optic axial plane is the clinopinacoid. ExUnct. — On clinopinacoid 
40^ to 50* away from principal axis. Hence typically a large 
angle, as opposed to hornblende. This is reduced in soda- 
pyroxenes. Opt. ngn — Positive. The vibration-direction for 
the fastest ray points towards the obtuse angle that is usually 
seen in verti^ sections — «.«., that formed by the traces of a 
pyramid plane and the orthopinacoid. Twins — Fairly common, 
a number of repetitions arising towards the centre of the crystal, 
and an ontwinned portion occurring on either side. Composi- 
tion-plane the orthopinacoid. 

xVote. —Homblaode very oommonly arises m a partial or complete replace^ 
ment of aogite, being developed from it by paramorphio ohange, the result- 
ing peeudomorph being UBALITB. The oniline of the augiie is, however, 
oonmiOBly not preserved, actinoUtic needles spfeading through the mass 
tnd prpjeotiDg from it, or larger homblendic forms appearing round about 
it ana in most intimate connexion (fig. 27). 

For allied pyroxenes see diallage, diopside, and soda-pyroxenes. 
Also rhombic pyroxenes. 

Bastite. — A name at one time applied to the serpentinous and 
ichillerised pseudomorphs after rhombic pyroxene that often 
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occur in serpentine-rock and sometimeB side by side with but 
sliffhtlj altered augite. 

L Indistinguishable from diallage or bronzite. The snb- 
metallio lustre is very striking when the mineral occurs in a 
setting of dull earthy serpentine; but eveA this character is 
sometimes lost by complete alteration, the bastite becoming dull 
And yellowish. 

II. Generally resembles diallage. Colour — Pale brown or 
green, in the latter case often with separated granules of 
magnetite. PUo. — Fair in the green examples. D. Eefir, — 
Usually shows effects due to the presence of residual unaltered 
pyroxena ExtmcL — Rhombic; parallel thus to the cleavage 
and schiUer-planes in most sections. 

Biotite Comp. — (Hj, Kg) (AL>, Feg) (Mg, Fe)jj Sij O^g (after 

^oth), A typical and common terro-magnesian mica. For 
genend characters see micas. Special points : — 

L Commonly dark green or bronze-black. A very abundant 
constituent of igneous rocks, particularly in the syenite and 
<iioritegroups. 

n. Colour — Brown or green ; but sometimes oolourless. The ~ 
striking pleochroism gives dark basal sections (i.0., those showing 
no cleavage), and far lighter vertical sections. The latter are 
very often straw-yellow, the former reddish-brown. Decomposes 
to green chloritic products. Pleo. — Intense in vertical sections, 
often yellow-brown to grey-brown; darkest tint when shorter 
diagonal of nicol is parallel to basal cleavage. Not perceptible 
in basal sections, the typical mineral being practically uniaxiaL 
2>. Befr, — Colours seen only in lighter varieties. Basal sections 
practically isotropic. Convergent light gives a uniaxial figure, 
or one with trifling deviation. (Figs. 24 and 27.) 

NMe, — Distinguished io rook from hornblende by lofltre, pUty cbaFaeter, 
«nd hardnees ; lu section by single cleavage, ragged fibrous edges, and the 
fact that the basal sections are the darkest and shew no cleavage. Compare 
notes on phlogopite. Biotite, like hornblende, is often altered, by the 
action of a hot enclosing magma, into mere black skeletal forms. 

Bronzite. — See Rhombic Pyroxenes. 

Caldte. — Comp. — Ca Og, SysL — Hexagonal (Trigonal). 

I. Eecognised by its deavage-sur&ces and hardness ( — 3). 

IL Form — Oval or irregular granules, fitting against one 
another, in veins or cavities, or forming the mass of a crystalline 
limestone. Cleav, — ^Bhombohedral, often bent by pressure, giving 
two or even three series of obliquely intersecting lines, which are 
very clear, and along which reflections often give rise to inter- 
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ference colours in ordinary light. R^fr, /ndkc— 1*486 for rays 
vibrating parallel to optic axis, and 1*658 for those vibrating 
perpendicular to it. Colov/r — Ooloarless. PUo. — The rapid 
rotation of the polariser produces a sort of twinkling effect, 
owing to the difference of absorption for rays vibrating in 
different directions; and palcite can often thus be picked out 
in the preliminary examination of a slide. D, Refr. — Very 
strong, so that colours of the fourth and higher orders are alone 
visible in ordinary slides, the tints being otten practically white. 
Opt, siffn — Negative. Ttoin^ — Very common, repeated, parallel 
to the negative rhombohedron, x(0ll2), the traces of their 
composition-planes running in many sections parallel to the 
cleavages. 

Note. — See Dolomite and Armgonite, and fig. 28. For a aaefiil mioro- 
idMmical reaotiom in presence of dolomite, see Lemberg, ZeiUchr, deutseh. 
ged, Oe$,, Bd. xL (1888), p. 867. 

Oassitbbitb.— Comp. — Sn O^. Syst. — Tetragonal. 

I. In some granites, in orange-brown to black-brown lustrous 
.grains. Oan be easily isolated by washing the powdered rock ; 

test with the blowpipe. 

II. Form — Prisms, squares, and granules. Clecw. — Sharp. 
Zon. — Sometimes zones of deeper colour. JRe/r. Index — Higher 
even than garnet (2*029). Colour — Yellow to red-brown, varying 
in patches in the same grain. PUo, — Oonspiouous in the browner 
parts. 2). Eejr. — Exceptionally strong ('097), but not so strong 
as in rutile. Pink and green colours of high orders. Opt. tign 
— Positive. Twing — Oommon, geniculated. 

Chalcedony. — Comp. — SiO,. Probably a mixture of minute 
crystals and a trifling amount of amorphous silica (opal). 

L Blue-grey to browner and more flinty aggregates in the 
hollows of lavas, in limestones, and associated with flint and 
chert, which are in fact more massive varieties. Forms alternate 
bands with quartz in agates. Not scratched by the knife. 

n. /Wm— Radial aggregates or minute granules. Bejr. Index 
— Very slightly lower than quartz (1'537). Colour — Colourless 
to brownish. D, Refr, — Like quartz; colours brilliant, of 
about first order. The aggregates consist of delicate fibres, 
in which the fastest ray vibrates parallel to the length of the 
fibre. 

Ohiastolitb. — A white variety of andalusite with enclosures of 
dark amorphous matter regularly arranged. In sections parallel 
to the vertical axis, bands of this dusky matter may be seen 
running down the length of the prism ; in transverse sections, a 
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diagonal cross appears, commonly with a dark square at the 
centre and at each angle of the section. The obliqaity of its 
arms of course increases with that of the section, oommonlj 
resembling the ^ of the Greeks. These characters can be dearly 
seen with the lens on rock-sor&ces. The mineral commonly 
arises in slaty rocks as a product of contact-metamorphism. 

Chlorite. — The name of a group of minerals composed of 
silicates of magnesia, ferrous and ferric oxides, and alumina, in 
various proportions, with much water. Syat, — Probably all 
monoclinic, though many approach the hexagonal system. Similar 
crystallographic characters occur in the mica group. 

I. While resembling dark green micas, the chlorites are softer, 
being very easily scratched with the thumb-nail. Their lamellae 
are less elastic than those of mica, and show more markedly the 
effects of injury and pressure. 

II. Fann — Hexagonal plates and fibrous-looking, &n-like, or 
spherulitic aggregates. Often developes from green amorphous 
masses in the cavities of rocks, or as a pseudomorphio product ot 
ferro-magnesian minerals. Clear. — Basal sharp. Often distorted 
by pressure. Refr. Index— Ahont 1*6. Colawr — Yellow-green to 
blue-green. PUo, — Noticeable in sections showing cleavage; 
yellowish when the shorter diagonal of the nicol is perpendicular 
to the basal cleavage, and green when it is paridlel to it. 
2). Refr, — Weak (-001 to '014) ; colours mostly first order ; a deep 
blue is characteristic. Extinct. — In many examples parallel to 
the cleavage; in some as much as 15** from the vertical axis 
(clinopinacoidal sections of dinochlore). 

Notf. — Compare green biotite and serpentine. 
Chlokitoid (see Ottrelite). 

Chbomite.— CWip. — (Fe, Or) (Foj, Org) O4 (often with MgO 
and Alg Og). Syst. — Cubic. 

I. Black grains and crystals, resembling magnetite, commonly 
in olivine-rocks. 

II. Forjn — Granules, or squares and hexagons, derived irom 
octahedra. Colov/r — Black and opaque unless especially thin, 
when it becomes a rich claret-brown. D, Refr. — None. Isotropic 

^ole.— Compare magnetite. See also spinelloids. 

OoocoLiTE. — A granular ferriferous diopside. Occurs in some 
crystalline limestones. Colour various shades of green, almost 
or completely colourless in thin sections. See Augite. 

OoRDiERiTE. — Comp. — Probably (Mg, Fe)^ Al^ Sij O^g, but may 
contain some combined water. Syst, — Biiombic. 

L Typical colour a delicate blue, inclining to grey; forms 
glassy-looking patches in some granitoid and gneissic rocks, and 
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may occur as prisms, though rarely, in lavas. Not scratched by 
the knite, but easily decomposed and becoming thus much softer. 
n. Fcrm — Mostly irregular grains. End, — Fibrous enclosures 
of sillimanite common. Refr, Index — 1*536; hence shows no 
pitted appearance. Colour — Colourless to faint^blua Decomposi- 
tion products greyish or yellowish-green. Pleo. — Though marked 
in thick specimens, feeble in ordinary sectiom. Bluish when 
the shorter diagonal of the nicol is panJlel to base ; pale yellow 
when it is parallel to vertical axis. D. B^, — Oolours commonly 
first order only. Extinok — ^Rhombia 

^ote.— See Pinito. 

Diallage. — A common form of monoclinic pyroxene. 

L Conspicuous by its sub-metallic lustre when the rock is 
turned about in the hand. The lustrous separation-planes give 
it a " foliated " character, amounting, indeed, to a new cleavage 
parallel to the orthopinacoid. It cannot well be distinguished 
from bronzite, hypersthene, and bastite in the rock-mass. 

n. Like the pale brown augites, but has, in all sections but 
those approaching the orthopinacoid, a series of strong striae, 
which are the traces of planes of schillerisation. Encl, — Numerous 
brownish secondary enclosures on the separation-planes (fig. 30). 

Note. — ^Dialla^e should now be closely linked with angite, crystals of the 
Utter heing at tunes diallagio on the ecfgee. It passes very commonly into 
hornblende. 

DiopsiDE. Comp, — MgCaSigO^ A pale green scarcely 
ferriferous monocHnic pyroxene, often colourless in sections. 
See Augite ; also Olivine. 

DiPYRE (see Scapolites). 

Dolomite. Comp.— (Ca, Mg) O^ i^ytf^.— Hexagonal (Tri- 
gonal); almost isomorphous with cflJcite. 

L Occurs in cavities of rocks rich in calcic and magnesio 
silicates, and may easily be mistaken for calcite. Curved faces 
of the rhombohedron frequent. Forms, in minute or coarser 
granules, whole masses of "limestone," which may be dis- 
tinguished from ordinary limestones by higher specific gravity 
(2*85 about) and action with acids (see p. 70). 

n. Like calcite, but*twinning is by no meems common in rock- 
building forms. Well outlined sections of rhombohedral crystals 
are characteristic in dolomite, but are rare in calcite. 

Eljbolite (see Nepheline). 

Enstatite (see Rhombic Pyroxenes). 

Epidote, variety Pistacite. Com/p. — H^ Ca^ (Al, Fe)^ Si^ O^^. 
Syst — Monoclinic. 

L When in fair-sized crystals, almost always shows the char- 

11 
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acteristio yellow-green colour. Occurs often as a decompositdon- 
product in fibrous groups. 

IL (see fig. 29). F&rm — Prismatic, but the longer direction 
is regarded as the ortbodiagonal and not as the principal axis. 
Hence what appear to be cross-sections of the prism, with an 
angle of 115** 27', must be read as bounded by the base and the 
ortbopinacoid. Occurs very often as irregular granules, spreading 
through the rock where decomposition of lime-silicates has gone 
on. At other times colourless or coloured little prisms are seen 
projecting into cavities which have since been filled with pale 
green chlorite. CU(w, — Basal perfect, orthopinacoidal often good. 
Hence on the rhomboidal sections, which at first suggest a pale 
hornblende, there are at times two cleavages parallel to the 
outline; and a slight obliquity in the cutting will make the 
characteristic angle of epidote agree with that of the hornblende 
prism. Refr, Index — 1*75, or almost as high as that of common 
garnet. Colour — At times colourless, but typically pale yellow 
or a faint yellow-green in which yellow largely predominates. 
Pleo, — Faint. D. Refr. — Stronger than common pyroxenes and 
amphiboles. Optic axial plane parallel to clinopinacoid and 
therefore perpendicular to the longer direction of the crystals. 
Extinct — Parallel and perpendiculs^ to the edge formed by the 
base and ortbopinacoid in sections parallel to these planes, and 
thus "straight" also in almost all the sections that look prismatic. 

In clinopinacoidal (rhomboid) sections extinction is practically 
parallel to the trace of the ortbopinacoid ; in the rhomboid seo- 
tions of an amphibole it would occur parallel to the diagonals. 
Opt, Sign — Vibration-direction for the fittest ray is nearly 
parallel to principal axis and is the acute bisectrix. Ttoins — 
Occasionally seen ; composition-plane parallel to ortbopinacoid. 

.yote.— Compare Zoisite. 

Felspars (see Orthoclase, Microcline, and Plagioclases). 

Eluor-spab. Comp, — OaF^ Syst. — Oubia 

L Occurs in altered rocks, sometimes with tourmaline ; common 
colour violet) appearing in patches between the other minerals. 
Hardness = 4. 

II. Form — Sometimes shows defined edges ; generally irregular. 
Cleav, — Octahedral, perfect, the intersections at times suggesting 
calcite. Zon, — Coloured zones occasionally, somewhat imperfect 
and sporadically developed. Ee/r, Indeao — 1*433; lower than 
that of the balsam. Colour — Colourless, but often with violet 
patches irregularly developed. This colour is characteristic in 
small grains that might oUierwise remain undetected. 2>. Befr. 
— None. Isotropic. 
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Garaei Coin^— <CK Fe, Mg, Mn), (Al«, Fe,, Or,) Si, Oi,. SysL 
— Cubic. 

L Commonly red, and easily picked oat on broken surfaces of 
rocks. Not scratched with the knife. Forms approaching the 
rhombic dodecahedron, often ronnded. The other minerals of 
the rock are often bent round the hard resisting garnets, which 
produce an eye-structure and stand out like Imots. The easy 
fusibility of common garnets is a guide in cases of doubt. 

n. Form — In some lavas sharply outlined, but almost always 
in ovoid or spheroidal grains, small or large. These, in some 
** flaser-gAbbros," form a zone around decomposing minerals. 
Cleav,— Not always seen; parallel to rhombic d<raecahedron. 
^fi«^.— Common, of all kinds, sometimes regularly arranged. 
Zan. — Occasionally seen, as in the coloured zones of meUnite 
(lime-iron-titanium garnet). Be/r. Index — Exceptionally high, 
about 1-770. The outlines become thus very strongly marked 
where they come against most of the other minerals in a slide. 
CoUmr — Colourless to pink or brown (melanite). Commonly a 
pale but unmistakable pink. D, Refir, — Isotropic, but with fairly 
frequent anomalous double-refraction in grey tints. (Fig. 43.) 

GiDBiTS (see Anthophyllite). 

Olauoovitx (see Index). 

Qlauoophahb (see Soda-amphibolesi 

Qypsmn. Cofnp. — Ca S O^ -h 2 H^O. Sy^L — Monoclinia 

L Found in washings of clays; also as crystalline masses 
(gypsums of the Alps; ^abasters). Scratchable with the thumb- 
nfoL 

n. Form — Commonly seen as little rhomboidal cleavage- 
flakes. The angle between the basal and orthopinacoidal 
cleavages, which bound these forms, is 113" 51', and is often 
useful for measurement. CUav, — Clinopinacoidal perfect ; the 
two cleavages above mentioned are also well developed. Rejr. 
Index^\'b2^ (7a/our— Colourless, D. -Sj/r.— Low; beautiful 
^ear colours. Optic axial plane is the clmopinacoid. Twiiu 
— Fairly common, on orthopinacoid, producing the "arrow- 
head twin." 

Hamatitb. Comp, — Fe^O^. Sytt, — Hexagonal (Trigonal). 
In sections shows clear orange-red plates, or granular patches 
associated with magnetite or decomposing ferriferous minerals. 
By reflected light characteristic red colour. See Limonite. 

Hautnb. Comp. — (Najj, Ca)^ Al^ Si^ O24 . Sj Og. See Nosean. 
SyiL — Cubic. 

L Sometimes recognisable as blue or dark-grey crystals or 
granules on broken surfaces of lavas. Vitreous lustre when blue 
and fairly fresh. 
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IL Form — Hexagonal or square, resulting mainlj from sections 
of rhombic dodecahedra. Minute in most instances, but occa- 
sionally, as in rocks of Melfi and Niedermendig, appears in por- 
phjritic crystals. EncL — Abundant minute enclosures grouped 
in straight lines, often rod-like and at right angles to one another. 
Under a ^inch objective these appear like a black cross-hatching, 
which is particularly marked towards the centre of the crystal 
Zon, — Often a darker or lighter zone at edge. Where the crystal 
is corroded, the dark zone often follows the outline and is thus 
seen to be a phenomenon of alteration. Sometimes (as at Melfi) a 
blue zone runs round the margin, the centre being almost colour- 
less. Refr, Index — About 1*5, or lower than the balsam, but not 
so low as fluor-spar. Colour — Colourless, with grey -blue dusky 
centre; or blue throughout; or beautiful clear blue towards 
margin and colourless within. Should be examined wiUi high 
power, when the blue interspaces can be distinguished from 
the dusky eflect due to enclosures. D, Befr, — Isotropic; but 
occasional anomalies, as in leucite, the colours being very low 
greys. 

Note, — See Noeean. Lapis-Lazuli appears to be an allied speciea 

Hornblende. Comp. — Approximately (Mg, Ca, Fe) Si O, with 
often much Al^Og and FcoOg (see Groth, Tab. Uebersichty 1898, 
p. 151). Closely comparable to the monoclinic pyroxenes. Sysi. 
— Monoclinia 

I. Like augite, but prisms often longer, and of more fibrous 
aspect. Tends to form in radial bunches in fissures and on joint- 
surfiBu^s. Common in minutely fibrous and actinolitic forms as 
a product of paramorphism from pyroxene. 

oMARAQDiTB, which is thus produced, is a bright green, as seen 
in many gabbros. On many rock-surfiEices the form of the cross- 
sections of the prism (see below) can be clearly seen. 

II. Form — Prismatic, commonly with six-sided cross-sections,, 
the bounding planes being the prism and the clinopinaooida. 
Prism-angle about 124'', the rhombus thus formed being cut oflT 
at its acute angles by the traces of the clinopinacoids. Often 
minute fibrous groups and veins occur. Surrounds and is inti- 
mately associated with altering pyroxenes. Cleav, — Prismatic ; 
in cross-sections the cleavages commonly show very clearly, the 
obliquity of their angle contrasting with the rectangular cleavages 
of the pyroxenes (figs. 26, 35). EncL — Being itself so often a pro- 
duct of alteration, does not pass into schillerised types such as 
are prevalent among pyroxenes. Zon. — Somewhat rare ; a dark 
sone of alteration sometimes appears at edge, where the crystal 
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has been acted on by a hot matrix, separation of magnetite having 
taken place. Refr, Index — ^Abont 1*65; thus shows pitted sor- 
&ces. CoUmr — Pale yellowish to strong brown (varieties with 
much ferric oxide) ; or pale green to dark bluish-green. Smarag- 
DiTE is often almost or completely colourless in section; in thicker 
sections, a clear grass-green. The £BU)e-pleochroism of hornblende 
causes sections parallel to the principal axis to be of a distinctly 
darker colour tiian the cross-sections. PUo, — ^Yery marked in 
the coloured varieties, the axis-colours giving yellow-brown to 
deep brown or almost black, and pale yellow-green to strong dark 
green. In vertical sections the maximum coloration occurs 
when the shorter diagonal of the nicol is parallel to the prlnci))al 
axis. Oompare tourmaline and biotite. D. Rrfr, — Fairly strong ; 
colours like augite. Optic axial plane in the clinopinacotd. 
ExHnct, — On clinopinacoid sometimes almost " straight ; " angle 
with principal axis commonly about 10** or 12"*, rising to 22*. 
Hence in random prismatic sections typically a small angle, as 
opposed to that of augite. The longer direction in prismatic 
sections is practically parallel to the slowest-ray vibration-trace. 
Twins — Fairly common, mostly simple; composition-fiskce pcurallel 
to the orthopinaooid. The pleochroism makes their detection 
easy by means of the single nicol only, the two halves appearing 
differently tinted 

^ote. — The cleavages in cross-seotiont form a safe means of distingaiahing 
the amphibdee from the pyroxenes ; the pleochroism is also commonly an 
excellent guide, bat it moat be remembered that pale hornblendes cannot be 
strongly ^eocluroic, while soda- pyroxenes are so in a fair degree. Note also 
the oommon form of the cross-sections. The destructive action of the magma, 
referred to above under '* Zoning/' often leaves only black and opaque 
skeletons of the hornblende crvstals (oompare Biotite). For allied ampni- 
boles see actinolite, soda-amphinole, and tremolite. Also anthophyllite. 

Hypersthene (see Rhombic Pyroxenes). 

Dmenite (see Titanic Iron Ore). 

Iron. — ^I^ative iron is of very rare occurrence except in meteo- 
rites. It may be micro-chemically treated by placing a drop of 
add solution of cupric sulphate on a grain or section ; if native 
iron is present, copper will be at once deposited. It also decom- 
poses the solution of ammonium molybdate used for detection 
of phosphates, a fine blue precipitate being formed, which does 
not occur when iron oxides are examined. Metallic iron is 
whiter and more lustrous than magnetite when viewed with re- 
flf>cted light under the microscope. Opaque in transmitted light. 

Iron Pyrites. Comp.—'Fe Sj. SysL — Fyrite is cubic (the easily 
decomposing mabcasitb is rhombic). 

I. The cubic form is -oommonly recognisable with the eye or 



166 BOCK-FOBHIIfG MIHERALS. 

lens; the hardness ( » 6*5) distinguishes it from pyrrhotine (4) and 
co^er pyrites (3 '5). The colour is also whiter and more brassy » 

n. Form — Squares or granules. Cdhur — Opaque by trans- 
mitted light. Shows a brass-yellow colour, almost nlyery-yellow, 
by reflected light. Easily thus distinguished from magnetite. 
Sometimes decomposed to opaque brown or brownish-white 
pseudomorphs. 

EaoHn. Comp, — H^ Alj Sij O^ SyBt — Monoclinio or triclinic 

I. The soft white decomposition-product of felspars, often 
fi>und as a powder between the crystals of granitoid rocks or in 
the matrix of elvans, kc, 

n. Form — Occasionally shows well-defined hexagonal plates. 
Colawr — Colourless. The powdery products occurring in sections 
of felspars appear opaque white by reflected light. Z>. E^, — 
Being extremely thin, the little plates may give low colours^ 
though the double refraction is in reality strong. Exiinct, — 
Basal plates are not isotropic ; they have been said to extinguish 
parallel to lines which are not perpendicular to any of the 
bounding edges. 

Kyanits. Comip. — Alj Si Oj. SysL — Triclinic. 

I. Known by its beautiful bbie colour and easy macropinacoidal 
cleavage, the mineral becoming truly lath-shaped on fracture. 
Sometimes in little blue granules, the colour being more delicate 
than that of haiiyne. Found in some rocks of metamorphic origin. 

n. Form — Often granular. Cle<w, — Distinct. Ee/r. Index — 
High ; slightly above olivine. Colour — Colourless, but blue in 
thick sections. J), R^r, — Between felspars and augite. 

Labradorite (see Plagiodases). 

Lencite. Comp.— (Kj,Na5)AljSi4 0i2. Syst, — Probably cubic 

L Small or large opaque white spneroidal crystals ^(icositetra- 
hedra more or less rounded by external action). The small ones 
appear dull white throughout, but the larger show on fracture a 
translucent interior with almost a gummy lustre. Hardness 
very little below that of felspars. At present known almost 
exclusively in lavas. 

n. lf<yrm — Octagonal or almost circular sections ; several often 
grouped together. Clean, — Not visible. EruL — Foreign bodies, 
such as glass-enclosures, are often grouped regularly in zones or 
radially, forming sometimes a considerable part of the bulk of the 
crystal. The smaller leucites in the ground mass of lavas seem 
particularly to aflect this habit. Z<m, — ^As above stated, marked 
by enclosures. Rrfr, Ind**x — 1*508, and thus below that of the 
balsam. Colour — Colourless, but becoming earthy brown where 
decomposed. 2>. Ee/r. — The smaller crystals are commonly 
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isotropic ; but the larger show a complex system of lamelln 
crossing one another and light or dark grey in colour. In very 
thick sections (say 2 or 3 mm.) these lamellsd appear brilliantly 
oolonred, like thick glass under stress. (Figs. 37, 40.) 

NoU. — ^Infusible, fldTes strong potaannm flame-resotioQ (p. 85), and does 
not gelatinise in H CL Compare AniUcime. 

Lbuooxknb (see Titanic Iron Ore). 

Limonite. Comp, — H^ Fe^ O^. A common earthy brown pro- 
duct of the alteration of ferriferous minerals. Orange-brown 
stains around sections of such minerals in altered rocks may be 
attributed to limonite. Seen commonly as a cementing material 
in sandstones. Yellowish-brown by reflected light 

Magnetite. Comp. — Fe, 0^. SysL — Cubic 

I. Iron-black grains or octahedra, with lustrous fracture-surfaces. 
Hot scratched by knife. Well developed in some chlorite-schists. 

n. Form — Sections of octahedra (squares and hexagons), or 
mere grains and patches. In the glassy groundmass of rocks 
forms skeleton-crystals of cross-like patterns, or rods and strings 
of united crystallites. Occurs also as a product of the decom- 
position of minerals, when iron is left behind after the removal 
of other bases. Thus the cracks of olivine are often marked out 
by magnetite (fig. 31), and the hornblendes of some lavas become 
dissolved away, leaving a skeletal pseudomorph of magnetite 
granules. Cclowr — Opaque even in thinnest sections ; steel grey 
by reflected light. 

NoU, — Compare Chromite, Iron pyrites, and Titanic iron ore. 

Melilite (see index). 

Micas. — The members of this important group that are most 
frequently met with have so many characters in common that 
these are treated together here. Comp, — Two broad chemical 
groups may be formed, the alkali micas and the magnesium-iron 
micas ; writing the bases in descending order of importance, the 
micas of tiie latter group are silicates of magnesia, alumina, iron, 
and alkalies, while those of the former are silicates of alumina, 
alkalies, iron, and magnesia. ^y«^.— Probably all are monoclinia 

L The micas appear as lustrous little plates, silvery, bronze- 
coloured, green, or black, with a most exceptionally good basal 
cleavage. The knife scratches them easilv, producing a very 
characteristic grating sound, audible even when minute flakes are 
operated on. The thumb-nail scratches them with difficulty, if at 
all (compare chlorite). Viewed from the side, the cleavage gives 
them a lamellar appearance and the characteristic lustre is lost 

II. Form — Hexagonal basal sections, oft«n mere platy areas 
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with ragged edges. The lamellar character can commonly bo 
seen by examining the margin of such sections with a ^ or ^-inch 
power. Vertical sections are rectangular; but commonly the 
traces of the prism planes are lost, the edges of the cleavage-planes 
giving a ragged fibrous boundary, and the traces of the basal 
planes being on the contrary very sharp. Often bent and de- 
formed among the other more resisting minerals. Cletw. — 
Basal, exceedingly well marked. End, — Dark patches often 
apjiear ; some may be true enclosures, while others are developed 
around colourless enclosures of zircon, &o, Zon. — Coloured zones 
sometimes (but rarely) visible in basal sections. Befr, Index — 
Higher than <^artz ( = about I *58). Colour — Colourless to brown 
and green. Darkest in basal sections. Decompose to green 
chloritic products. Pleo, — Very strong in coloured varieties. 
Darkest tints occur when the cleavage-lines are parallel to the 
shorter diagonal of the nicoL Z>. Refr, — Exceptionally strong 
(about 04), being higher than common epidote. The optic axial 
plane is parallel to the dinopinacoid or the orthopinacoid ; the 
basal sections (or, better still, cleavage-flakes taken from the 
rock-specimen direct) show admirable figures with convergent 
lights the optic axial angle being 0^ to about 70**. Hxtinct. — 
Vertical sections extinguish perpendicular and parallel to the 
basal cleavage, the minute deviations from this rule not being 
recognisable in rock-sections. Opt. Sign — Negative ; the principal 
axis is practically the vibration-direction for the fastest ray, the 
deviation of the acute bisectrix from it being inappreciable. 

Note, — See Biotite, Muscovite, and Phlogopite. In cases of doabt it is 
best to speak merely of " dark mica" or " light mica" until better tests 
can be applied. 

MioROOLiNB and Soda-Microcline (Anorthoolasb). — Comp. 
— Like orthoclase and soda-orthoclase. Syst, — Triclinic; pseudo- 
monoclinic. 

L The common felspar of graphic granite. On its surfaces 
the lens generally reveals a structure of opaque little whitish 
rods crossing at right angles and alternating with somewhat 
more translucent areas. Flesh-red, yellowish, or green (Amazon- 
stone). G = 2*57, to 2*60 in soda-microcline. 

II. Resembles orthoclase, but shows with crossed nicols a 
more or less defined system of repeated twinuing, the minute 
lamellar components crossing one another nearly at right angles 
and producing a coloured mesh- work. One group ot these com- 
ponents represents twinning with composition-planes parallel to 
the brachypinacoid, the other parallel to a macrodome. As 
Bosenbusch shows, if one group be set upright in the field, and 
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rotated until extinction occurs in one of the sets of lamell» 
composing it, one set from the group lying perpendicular to the 
first is, in most sections, simultaneously extinguished. Black 
bands crossing one another at right angles are thus conspicuous 
in the field. The extinction angle for the lamella is 15^* on 
basal cleavage-plates ; in the zone parallel to the macrodiagonal, 
the maximum angle is 18*. (See Plagioclases, p. 176, and fig. 25.) 

Muscovite. Comp.—H,. K, Al ^ Si^ O^, or H, K. AI3 Si, O^ (alter 
Groth), A typical and common alumina-alkali mica. For 
general characters see Micas. Special points : — 

L Oommonly light-coloured and silvery, but approaching black 
as the crystals become thicker. Very common in mica-schists 
(often with serioite and other varieties) ; also in. many granites. 

XL Colour — Colourless or palest yellow-brown. FUo. — Some- 
times barely visible, but striking if any tinge of colour at all 
occurs in the mica. J). Befr, — ^Not quite so strong as in biotite, 
but still exceptional. Colours commonly pinks and greens of 
third and fourth orders, or high white. Sections parallel to the 
basal cleavage are not, as in typical biotite, practi<»dly isotropic, 
bat show marked changes during rotation. This point may be 
conveniently observed in cleavage-flakes. Optic axial angle wide 
(50* to 70**), the figure with convergent light being a striking one 
and easily obtained with fairly thick cleavage-plates. Optic axial 
plane perpendicular to clinopinacoid. The trace of the optic axial 
plane, which is easily founa by the axial figure, is the vibration- 
direction of the slow ray in the cleavage-fli^e. (Figs. 24 and 43.) 

^oie, — Smrigits and conunun *' hydro- micMS " are ooverod by the above 
deeoriptioQ ; water is now admitted to be basic in all micas. Soe Micas, 
Biotite, and Fhlogopite. 

Natbolite. Comp, — NajjAl2SijOi^-i-2HjO. St/st, — Rhombic. 

L A common product of the decomposition of such silicates as 
nepheline, soda-felspars, <fec. Occurs in radiating fibrous groups, 
colourless or stained light brown. Hardness « 5*5, but difiicult 
to test in the rock, owing to the brittle nature of the prismatic 
crystals. See Blowpipe characters, p. 74. 

n. Form — Like most zeolites, forms radiating croups of prisms 
ia decomposing minerals or in cavities of the rock. Befr. Index 
1*483 ; below that of felspars. Colowr — Colourless. D, Refr. — 
Oommonly bright first order colours. The fibrous groups natur- 
ally show a partial or complete dark cross with crossed nicols 
(seep. 149). Extinct — Rhombic. Opt, Sign — Positive; the longer 
direction of the prism is that of vibration for the slowest ray. 

llepheHne. Comp.— Approximately (Na^ K^ Ai, Si^i Og. (See 
p. 74.) :Syst — Hexagonal. 
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I. Brown or ffreeoish greasy-looking masses in holoorystalline 
rocks (ELiBOLiTB), or colourless grains and short hexagonal prisms 
in lavas. Excellently seen thus in the latter form in the well- 
known hasalt of Katzenbuckel, Odenwald, where it plays the 
part of a porphy ritic felspar. Hardness » 5 *5 ; thus j list scratched 
with a kniie when fresh. 

Yery easily decomposed, and then produces soft grey-brown 
areas and pseudomorphs, in which recrystallisation is going on, 
resulting in zeolites. On some phonolites the little hexagonal 
cross-sections of nepheline can be picked out with the eye a» 
opaque lighter patches in a grey or brownish groundmass. 

IL Form — Irregular grains (sLiBOLiTE) or short hexagonal 
prisms, giving squares and hexagons as the most typical sections. 
CUa/v, — Not seen. EncL — Common, arranged in zones. Zen, — 
Common. Refr. Index — 1*543. (7o2(mr'--Colourless. When 
decomposed, a very characteristic earthy yellowish - brown. 
2>. Refr, — Colours like apatite; lower than felspars. Hexagonal 
sections isotropic, unless obliqua When altered, gives fibroua 
aggregate effect. Opt, Sign — Negative. (Fig. 34.) 

iVottf.— Ck>mpare apatite and nosean. See alao analoime and natrolite for 
deoomposition-prodnoto. In the elfBolite-syenites the weaker donble-refrac- 
tion helpe to distingaish the elsdoUte from the nntwinned felapars, while 
convergent light of oonrse gives a uniaxial figure. 

NosBAN. Comp.— Na,^ Al^ Si^ O^ . S, Og ( = Na^ Al^ Si^ O^ + 
2Na2SO^). Sy8t.—CvLhic. 

L Often visible as dark grey hexagonal sections on the rock- 
surface. Forms thus darker patches in the grey or brown 
groundmass of some phonolites; sometimes opaque light brown. 

n. Like haiiyne, but commonly larger, and colourless to- 
greyish-brown. Dark outer zone often conspicuous (as in the fine 
corroded examples in the leucitite of Bieden, Eifel, seen in fig. 37). 

Note, — See HaOyne. Noeean or haftyne can be treated miorochemically 
by deoomposing with dilate hydrochloric acid and evaporating at a merely 
moderate temperature. If crystals of gypenm are formed abundantly 
(oommonly in radiating bnnches) the mineral is ha&yne. 

Oligoclase (see Plagioclases). 

Olivine. (7omj9.^Mg, Fe), Si O4. Syst, — Rhombic. 

L Granules or approximately rectangular crystals, somewhat 
conspicuously marked out by their yellow-green colour and 
glassy lustre from their surroundings, which are commonly 
darker silicates. Not scratched by the knife. Sometimes, with 
chromite, builds up considerable rock-masses. Diopside may be 
mistaken at times for olivine. When altered, however, the 
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appearance of oliyine changes greatlj. It becomes soft and 
grey-green, or even black if much magnetite has separated oat 
within it. Thus in the " Forellenstein " (Troctolite) of Volpers- 
dorf or the Lizard, and in many rocks with "lustre-mottling^ 
(see p. 101), the mineral appears as dusky grey-black granules, 
and might be mistaken in some gabbros for a decomposing 
pyroxene. It is very important to bear in mind this masking 
of olivine by its decomposition-products (fig. 31). 

IL Form-- Rarely a perfect outline, but typiostlly an elongated 
hexagon ; in many lavas and in rocks with granitic structure, 
irregular forms or elliptical grains; also common as groups of 
grains. Yery often cracked and corroded in lavas, since it occurs 
as a porphyritic constituent. Cleav, — Not often visible. £ncL 
— Liquid and other enclosures common, often in delicate ramify- 
ing forms. Schillerisation may be studied in all stages in olivine, 
some sections finally looking almost diallasic (as in the dolerite 
of Kentallen, Appin). Be/r. Index — 1*679 ; near the pyroxenes. 
CoUmr — Colourless. Faint yellow-brown in the exceptionally 
ferriferous varieties. Alteration-products green of various shades, 
occurring on margin and along cracks (fig. 38), often with develop- 
ment of opaque granules (magnetite). Fleo, — ^The green decom- 
position-products are pleochroia D. Be/r, — ^As strons as epidote; 
weaker than muscovite. Extinct. — Parallel to we axes of 
symmetry of most of the sections. 

Note. — Freqaently only to be traced as pMudomorphs (see Serpeotiae). 
Caknte may thus replace olivine. E^of . Jnda hae shown that maoy patches 
of magnetite may represent altered olivine. MM. L^v^r and Lacroix oescribe 
a trsAsparent red deooniposition-prodiiot with distinct maoiopinaooidal 
deavage. Kote the oolonrieiB oharacter of nnaltered olivine. 



Opal. Comp, — Si Oj ; perhaps some water. Syet. — Amorphous. 

L Opalescent, appearing bluish by reflect^ and brownish 
by transmitted light. Sometimes clear and colourless (hyalite). 
Occurs with chalcedony, commonly in cavities of rhyoUtic or 
trach3rtic lavas. Hardness sometimes below 6. 

n. In sections colourless, sometimes showing iridescent flaws 
by reflected light. Isotropic, with occasional strain phenomena, 
producing a black cross between crossed nicols. See ChaloedoDy. 

Orthoclase. Comp.— (K^, Na^ Al, Si^ Oi^. 5'y«<.— Monoclinic, 
or pseudo-monoclinia 

I. Prismatic or granular. Olear and colourless, with faint 
brownish exterior and vitreous lustre (sanidins of lavas) to 
nearly opaque white, grey, brown, or red crystals (common 
orthoclase). Occasioned schillerised and iridescent forms. 
Oleavage-planes well marked, basal and clinopinacoidal, with 
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Titreous to pearly lustre. Hardness => 6. G ■■ 2*56-2-58. 
Strong potassium reaction in flame. Twin forms very often 
recognisable, the Carlsbad type being commonly formed of two 
interpenetrant individuals and giving forms flattened parallel 
to the clinopinacoid, with a re-entrant angle f jrmed by the 
basal planes both above and below. Where the outer form 
is obscure, as in most granites, the fractured surfiEM^ of the 
rock shows crystals with the basal cleavages sloping in one half 
towards the eye and in the other and duller haJf away from it^ 
giving thus evidence of the simple twinning (p. 16). 

n. Form — Prismatic; cross-sections approximately rectangu- 
lar. Rarely truly granular, and thus diflenng from quarts. 
Clean, — Distinct, often in both principal directions, and marked 
by dusky decomposition-products. Not ordinarily seen in sani- 
DINE, which shows rudely parallel cracks. EncL — Common. 
Frequently schillerised. Zon, — Zones fairly common. Rtfr^ 
Index — 1*523. Little below quartz, and thus close to that of 
the balsam. Colour — Colourless, with dusky grey decomposi- 
tion-products (fig. 26); white mica is very common among these. 
Banidinb is as clear and colourless as quartz (fig. 33). D, Refr, — 
Weak (007) ; colours grey in thin sections ; brighter tints of 
first order in many ordinary sections. Optic axial plane either 
in clinopinacoid or perpendicular to it, the latter case being by 
far the most common. The plane is then almost parallel to the 
base. Ecrtinet, — Straight in sections from the orthodiagonal 
20 ae, and occurring at 21* from the principal axis in the clino- 
pinacoid, the measurement being made towards the obtuse angle 
formed by the traces of the base and orthopinacoid. Well ob- 
served on eleavage-flakes. Twine — Simple twinning common, 
though sections may easily pass through one half oidy. Plane 
of composition often step-like or irregular. Carlsbad and Baveno 
twins may be distinguished by special tests, and a squareish 
section with the composition-plane running diagonally is almost 
sure to be an example of the latter. 

Note, — SoDA-OBTHOCLASE osimot be divided off satisfactorily from oom- 
men orthoolase, as far, at any rate, as rock -forming types are conoemed. 

Distinguish clear orthoolase from quartz by outline, cleavaees, zoning, 
oblique extinction in most prismatic sections, and twinning. Where decom- 
position has set in, remember that quartz shows no such products. Dis- 
tinguish orthoclases from plagioclases by presence of repeated twinning in 
most crystals of the latter. 8ee Microcline and Plagiocutses. 

Ottrblite and Chloritoid. Comp. — Hj(Pe, Mg, Mn) Alj 
Bi Oy. Syet, — Monoclinic (perhaps triclinic). 

I. Characteristic iron-black or black-green lozenge-shaped or 
oval plates in some metamorphic rocks. Hardness above 5; 
hence sharply distinct from chlorites. 
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IL Distinct basal cleavage. Greenish-blue colour ; the central 
portion is sometimes darker and shaped like an hour-glass, a- 
lighter area appearing on each side. Marked pleochroism. 

NoU. — Ottrelite ii well observed in the sohiit of Ottres in the toath-east 
of Belgium. Some onoertainty hangt over the reUtiont of ottreUie and 
the more widely distribnted chloritoid. If a chemical differenoe really 
exists, ottrelite proper contains manganese as well as magnesia, whiles 
chloritoid does not. 

Phlooopitb. — ^A mica of the ferro-magnesian type, with little- 
iron. For all general characters see micas. Special points : — 

L Typically bronze-coloured rather than black. 

IL Uolour — Colourless when thin. Z>. Be/r. — Basal sections 
deviate from isotropism more than those of biotite, the optic axial 
angle being typically larger. But some show merely a black cross 
during rotation above convergent polarised light. 

yote, — See Micas, Mnscovite, and Biotite. 

Pin ITS. — An earthy grey pseudomorphous replacement of 
oordierite and other silicates, being itself a hydrous silicate of 
alumina and potash with some little magnesia, iron oxide, and 
soda. Produces grey patches in the rock-mass, or sometimes, as 
in eurites of Auvergne, well bounded prismatic pseudomorphs. 
Under the microscope gives fibrous tufts and irregular cloudy 
patches. 

PlagiodaseB. — ^This great group of felspars forms too continuoua 
a series to allow of the separate discussion of its members. 
Comp. — Silicates of alumina, potash, soda, and lime ; the group 
includes : — 

Mierooline and Soda-mierocline. (K^ Na^ Al, Si, O^ 

(see p. 168). 
Albite. Na,Al,6ieOi« = Ab. 
OllffOClase. * Abe Ani to Abg Ani. 
Andesine. Abg Anj to Ab^ An^. 
Labradorite. Abi Ani to Abi Ang. 

BytOWnite. Abi Ang to Abi An«. 
Anorthite. Ca Al, Sit 0$ = An. 

gygl, — ^Triclinic ; closely comparable in type to orthodase, the* 
brachypinacoid corresponding to the clinopinacoid in the latter. 

L Commonly prismatic, but may be minutely so or granular. 
Colourless and glassy to opaque white. Sometimes a delicate 
blue-grey; rarely red. Schillerised and iridescent forms occa- 

* The pUgiodsses between albite and anorthite are commonly regarded 
as bnilt np of molecules of these two felspars in varving proportions ; hence 
oligodase becomes n Na^ Alt Sie Oi« + CaAltSitOg, and labradorite 
Na,AlsSi«Oi« + aCaAltSitOg. 



174 BOCK-FOBMIKG MINERALS. 

sionally seen when the mineral is coarsely developed ; but also 
known in sodarorthoclase. Basal and brachypinacoidal cleavage- 
planes easily seen, particularly the former. Hardness = 6. 
Specific gravity rises as follows: — Albite, 2*62-2*64; oligoclase, 
2-64-2-66; andesine, 2-66-2-69; labradorite, 2-69-2-71; bytownite, 
2*7 1-2-74; anorthite 2-74-2 -76. (Hintze, Mineralogies Bd. ii, p. 
1431). Twin-forms show to the eye or lens alternately reflecting 
or duller lamellfld, according to the position of the surface of 
fracture with regard to the cleavages in the individual lamells. 
A number of fine lighter or duller bands is thus often visible, 
especially with the lens, parallel to the longer direction of Uie 
prismatic form (p. 16). 

Albite is often found filling up cracks or crystallised in cavities 
as a mineral of secondary origin. 

n. Form — Prismatic; cross-sections approximately rectangular. 
In many rocks granular, especially when developed as secondary 
products. Often greatly corroded, the glassy matrix penetrating 
throughout the crystal along cleavage or solution-planes (fig. 38). 
Cleav, — Sharp in the coarser forms ; ofben in these mark^ out 
by dusky decomposition-products. JEncL — Common. Frequently 
schillerised, the felspars of many gabbros showing this character 
excellently. Zon, — Zones common, frequently giving different 
colours and extinctions with crossed nicols, owing probably to 
the crystal being built up of isomorphous felspars successively 
developed from the matrix. Be/r. Index — Always near that of 
the balsam. The average indices are : — albite, 1-535 ; oligoclasei 
1-538:; andesine, 1-553; labradorite, 1-558 ; anorthite, 1-566. All 
sections of microoline and anorthoclase, and almost all sections 
of albite and oligoclase rich in soda, have a refractive index below 
that of ordinary balsam ; basic oligoclase and all the remaining 
plagioclases have an index above that of the balsam, in all sections. 
Coiour — Colourless, with dusky grey decomposition-products. 
The interior is ofben thus clouded while the outermost zones are 
clear. Sometimes the whole crystal is reduced to calcite and 
epidote. D. Rejr. — Weak, like orthoclase, becoming somewhat 
stronger ('013) in anorthite. The colours are greys or slightly 
higher tints of the first order. Extinct, — These may be sometimes 
studied on cleavage-flakes. The extinctions have thus been 
worked out for sections parallel to the base and to the brachy- 
pinacoid. Hap-hazard sections in ordinary slides, particularly 
when repeatedly twinned, present many difficulties of deter- 
mination. In reading basal cleavage-plates, the trace of the 
brachypinacoid, shown by the other cleavage, or by the common 
Albite-type of twinning, is set upright in the field, and the 
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extinction-angle is measured from this guide-line. We may 
note that while oligodase has in such sections nearly straight 
extinction, albite and labradorite give angles of 5*" and 9* 
respectively, on opposite sides of the guide-line if the plates 
examined ard kept each in the same position with regard to the 
crystals from which they were broken. Anorthite, on the other 
hand, has a high angle, as much as 37% which is very distinctive, 
its ally BYTOWNiTE giving only 174*. 

If a brachypinacoidal deavage-flake is so placed that the trace 
of the basal cleavage is upright in the field, while the obtuse 
angles formed by this and the direction of the vertical axis lie 
below on the left and above on the right, then the extinction 
will occur after the following amounts of rotation of the 
crystal : — 

Albite, 20" to the left. 

Oligoclase, 5*" „ „ 

Labradorite, 24**,, right 

Anorthite, 37* „ „ 

On comparing these figures with those for the basal flakes, we 
see that if we break a cleavage-flake hap-hazard from a felspar, 
not knowing what species or whioli cleavage we are dealing with, 
and set the trace of the other cleavage upright in the field, we 
have the last given series of figures as maximum angles of extinc- 
tion for the principal species. As before, the angle referred to 
is that between the traoe of the cleavage and the direction of 
extinction that lies nearest to it ; but the rotation may be to one 
hand or the other. We may, however, on determining the angle 
in the unknown cleavage-plate first obtained, then seek to procure 
a plate from the second cleavage-surfaces of the specimen. A 
comparison of the results obtained with both plates will be of 
service. Thus, while the distinction between labradorite and 
albite will still be difficult, oligoclase will give a low (1* to 5*) 
and anorthite a high angle (37*1 in both flakes. 

MM. L^vy and Lacroix show now the extinctions of the triclinio 
felspars may be utilised in the case of microscopic sections. Thus, 
in particular, a section is sought for in which lamellar twinning 
of the albite type is distinct, and in which extinction of the 
alternate sets of lamellae takes place at the same angle on opposite 
sides of the trace, of the plane of composition, which is used as a 
guide-line. The two sets of lam ell® will thus show equal degrees 
of illumination in the upright position in the field, a fact that is 
of great assistance in the selection of sections for measurement. 
Such a section, which is not always easily found in a single slide, 
has been cut parallel to the axis of rotation of the twin-lamell» 
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of the albite type — i.e,, to a line perpendicular to the brachj- 
pinacoid. The lamell» of the pericline type will also be extin- 
guished symmetrically in sections from this zone. Sections 
showing this symmetrical extinction and yielding low angles are 
approximately parallel to the basal plane; those giving high 
angles should be selected. The maximum extinction -angles 
of the albite type of lamellsB in ieuoea from this zone are as 
follows : — * 



Albite, . 

Oligoelase, 

Andesine, . 

Labradorite, 

Bytownite* 

Anorthite, 



16' 

16^ (basic varietiM 22"). 
27° (basic yarieties Zt^^ 

53" 



Were it possible to determine how each section has been cut* 
even albite and andesine could be distinguished from a difiereDce 
in the direction of rotation; but Becke's simple method for the ob- 
servation of relative refractive index effects this admirably, when- 
ever sections of the felspar can be found abutting on the balsam 
at the edge of the slide (p. 142). Ttoins — Repeated twinning is ex- 
tremely common, the lamell» being often very numerous. Both 
the albite type, with the brachypinacoid as the twin-plane and com- 
position-plane, and the pericline type, with the "rhombic section" 
as the composition-plane and practically the same axis of rotation 
as the former type, may occur in the same crystal, giving croes- 
twinniog akin to the characteristic microcliue-structure. In 
sections from the zone of the base and macropinacoid the traces 
of the lamellae of the two systems are almost at right angles. 
Other types of twinning occasionally occur; the Carlsbad type is 
indeed common, one half showing, in addition, numerous lamellae 
of the albite type, while the other shows few or no lamellae. 
See Microcline. 

Note, — Distinguished in general from orthoolase in ordinary sections by 
this character of repeated twinning. The discrimination of one plagioclaae- 
from another is a matter reqnimig considerable care, and the methods 
shonld be further studied in the larger text-books. A series of trials with 
Szab6's system of flame-reactions (p. 84) will often help when the mineral 
has been proved to be a plagiodase, and specific gravity tests with dense 
liquids are of great service. 

The dull white altered felspars, full of recrystallised decom- 
position-products (mainly zoisite or garnet), that are common in 
many older diorites and gabbros, were formerly known aa 

* L^vy, IHterminatum dea FeUhpcUh», 1894, p. 81. 
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SAUssuRinL Such forms may be termed '* sauasuritic felspars." 
(K|.45.) 

l^Tite (see Iron Pyrites). 

Ptrbhotine. Comp, — Fe^S,, or FeSf Sy9i. — HexagonaL 
Rather redder than iron pyrites. Hardness ^ about 4, the 
particles cat out being easily attracted by the magnet Opaque 
granular in sections. 

Pyroxenes (see Augite, Diopeide, Rhombic Pyroxenes, and 
Soda-pyroxenes. Also Bastite). 

Qaartz. Camp. — Si O^. ^yst, — Hexagonal (Trigonal). 

L Commonly clear and colourless, with vitreous lustre. No 
deavage; conohoidal fracture, thus resembling glass. Un- 
acratched by knife. Grains (which should be looked for with 
the lens) ; ^ort prism and double-pyramids (in some eurites) ; 
or longer prisms terminated by pyramids (when formed in 
cavities or in sedimentary rocks). Occurs also filling veins, and 
is often in such cases almost opaque white. 

n. Form— In igneous rocks seldom shows crystal-outline. 
Commonly allotriomorphic or in corroded grains (fig. 32), but 
well bounded in some eurites. Micropegmatitic intergrowths 
with duller felspar may be expected. In metamorphic and in 
many plutonic rocks quarts forms aggregates of little granules, 
which are well revealed bv the polariscope. Commonly cracked 
irremlarly. In veins, and in residues of limestones, &c.y shows 
gooa crystallographic outlines. CUa^, — None. End, — Liquid- 
enclosures with moving bubbles commonly very abundant in 
the quartz of deep-seated or metamorphosed rocks, the lines 
along which they have developed often passing continuously 
across several grains (see fig. 19). These irregular strings and 
patches of minute enclosures may be taken for dull decom- 
position-products, such as kaolin, unless a high power is used. 
Glass-enclosures with fixed bubbles, and sometimes with the 
form of negative crystals, occur in the quartz of many lavas. 
Zon. — Exceedingly rare, except in crystals of sedimentary origin. 
Refr. Index — 1*547, almost exactly that of the balsam. Colowr^^ 
Coloorless. See, however, Amethyst. No decomposition- pro- 
ducts. Pleo. — Observable in the exceptional coloured varieties, 
which have little claim to be called rock-forming minerals. 
D. Refir, — About that of the felspars. The absence of decom- 
position, as compared with other minerals in the slide, is often 
brought out by the clear colours given by quartz between 
crossed nicols. Thin basal sections show in convergent light 
the ordinary black cross, the characteristic coloured central 
area^ due to circular polarisation, being visible only in RpeciaUy 

12 
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cut thicker sections. Opt. Sign — Positive. Twina — ^None in 
rock-seotions. 

XoU, — Compare and oarefnlly contrast with orthoolase and plagioclaies. 
See also Chalcedony, Op«l, and Tridymite, and figs. 24 and 25. 

iihombic Pyroxenes. Comp, — (Mg, Fe) Si O3. The rock-forming 
examples of these were long confused with monoclinic pyroxenes, 
which they generally resemble to the eye. The boldly developed 
lustrous types feoniliar to mineralogists, such as the bronzite of 
the Kupferberg and the hypersthene of Paul's Island, Labrador, 
may now be regarded as altered forms of minerals possessing 
no such lustre. Hence Tschermak proposes for the rhombic 
pyroxenes a purely chemical grouping : — 

Enstatite ; . Fe = less than 5**/,. 

Bronzite ; . . . . „ = 6 to 157,. 
Hypersthene ; . . . 19= 157<» And upwards. 

To these Prof Judd, * reviving an older name of vom Rath, 
adds AMBLT8TBGITE j Fe O = 25 to 35%. 

I. Commonly closely resembling augite ; sometimes as pale as 
diopside. The schillerised forms, bronzite and hypersthene of 
older authors, occur in some holocrystalline rocks. Monoclinic 
pyroxenes with similar lustres were also formerly classed under 
these names. 

II. Form — Nearly isomorphous with monoclinic pyroxenes; 
hence the frequent confusion with them. Prism-angle 88*". Habit 
and sections similar to augite (fig. 36). Cle€w>. — Prismatic, thus 
also intersecting nearly at right angles. Enci, — Schillerised 
forms fairly common, but not to be expected in more modem 
lavas. Refr. Index — 1 '66-1 '70. Colour — like monoclinic pyrox- 
enes ; colourless, yellowish-brown, at times greenish. Hypersthene 
and AMBLTSTEGiTB, owing to the striking pleochroism, often 
appear greenish or pink-red in the same slide. Decompose 
to green products. See Bastite. Pleo. — Enstatite is too pale 
to exhibit pleochroism ; bronzite and the more ferriferous 
members of the series show bluish-green when the shorter 
diagonal of the nicol is parallel to the vertical axis, brown 
when it is parallel to the macrodiagonal, and a fine red-brown, 
when it is parallel to the brachydiagonaL This effect is naturally 
very striking in ambltstrgite. 2>. Refr, — Somewhat weaker 
than in the monoclinic pyroxenes, and even approaching quarti 
in the case of enstatite. Optic axial plane in the brachypinaooid. 

* Oeol. Mag., 1896, p. 178. A1m> Quart Jowm. GeoL Soe., voL xli, 
(1886), p. 871. 
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Extinct, — Bhombic ; thus markedly distinct from the monoclinic 
pyroxenes, with the exception of those extremely rich in soda. 
The direction of the principal axis is that of vibration for the 
slowest ray. 

3ro<e.— Intergrowths with diallage have been obeenred, the braohy- 
pmaooid of the rbombio form bein^ applied to the clinophiaooid of the 
monoclinic. DistinguiBh the rhombic prroxenea by the ■traight eztinotion 
and, if possible, by the pleochroiam. Li some remarkable ffranolar roeka 
the pink rounded aeetiona of bypersthene reeemble in ordmary light the 
ganieta occnrring in the same ■lide. The nicols at once prove the latter to 
he isotropic. 

In the absence of microflcopio sectiont, rocks mnst often be called 
'Ipyroxene-andesite," *'pyroxene-diorite," Ac, until accurate determina- 
tion can be made. 

Compare carefully with diopaide, augite, and soda-pyroxenes. 

For altered forms see Bastite and Serpentine. 

RiEBECKiTB (see Soda-Amphiboles^. 

RuTiLE. Comp, — Ti Oj. Syst. — Tetragonal. 

L As a rock-forming constituent rutile is generally invisible 
until the microscope is applied. May appear as hard rich brown 
or black specks. Its high specific gravity (4*2) makes it separ- 
able by dense liquids. 

n. Form — Granules and aggregates, with here and there 
recognisable prismatic forms. Minutely distributed in the 
altered minerals of some gabbros ; also in practically all argil- 
laceous and chloritic metamor{)hic rocks, and also in clays. 
Shows typically minute geniculated twins, sometimes heart- 
shaped. Refr. /nflfeaj— Extremely high ( = 2-712). The tiny 
crystals and grains thus stand out with strongly marked margins. 
Colour — Tellow-brown to red-brown; sometimes almost black. 
Twins — As above stated ; highly characteristic. 

Sanidine (see Orthoclase). 

Saussurite (see paragraph at end of Plagioclases). 

ScAPOLiTES. Comp. — ^A series of minerals with meionite at 
one end and marialite at the other, being silicates of alumina, 
lime, and soda, with some chlorine, the lime preponderating 
largely over soda in the meionite molecule. Syat. — Tetragonal. 

L Crystallised in cavities of some lavas; also often occur 
associated with altered felspars, the products of which are 
recrystallising. Colourless to white or grey. Soluble in hydro- 
chloric acid, leaving a residue of non-gelatinous silica. 

IL In sections a number of clear colourless granules some- 
times appears in the place of felspathic constituents. « They are 
liable to be mistaken for secondary felspars or even quartz. 
Form — Ck>mmonly granular. Cleav, — Often not distinct. E^r. 
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Index — About 1 '67. Colour — Oolourless. Z>. Be/r. — Consider- 
ably stronger than felspars in the highly calciferous varieties, 
being near olivine in the case of meionite. In dipyrb, however 
(the common gra* ular type in holocrjstalline rocks), the doable 
refraction is fairly weak (= about 014). Uniaxial figure in 
convergent light. Opt. sign — Negative. 

Note. — For an acoonnt of the relationa of the scapolites and plagioclases,. 
and referenoes to the literature oi the subject, see Prof. Juad, '^ On th& 

Srooeesee by which a plagioclase felspar is converted into a scapolite,'* 
fin. Mag., voL viii. (1889), p. 186. 

SsBioiTB (see Muscovite). 

Serpentine. Comp.—H^ (Mg, Fe)3 Si2 0«. Si/st — Rhombic. 

I. Soft grey-green, green, black, or red areas among decom- 
posing ferro-magnesian minerals, or even building up the mass 
of a rock. Hprdness about 3. Sometimes crystallised in pale or 
golden-yellow fibres in veins running across the rock (chrysotile). 

II. Form — Pseudomorphous, in patches, or in veins and cracks. 
Minute tufts and fibres oflen developed. Does not look 8o> 
uniform as chloritic areas. The serpentine has often the ovoid 
form of olivine granules, the cracks of the latter being at times 
marked by bands of magnetite. Be/r, Index — Low; close to that 
of the balsam. Colou/r — Yellow, yellow-green, or blue-green. 
Most commonly a yellowish-ffreen. Colourless highly refracting 
areas of olivine are often left surrounded by the serpentine. 
Pleo, — Distinct, in shades of green. 2>. Be/r, — Close to that of 
ordinary plagioclases. Shows tufts and fibres in polarised light, 
the serpentinous areas being made up of a number of needles. 
These needles, picked out by the use of the polariscope, fre- 
quently seem at or nearly at right angles to one another, and it 
is often stated that the serpentine in such cases has been derived 
from pyroxene; but the structure is extremely common in 
company with others referred as certainly to olivine. It i& 
possible that in some cases described the rectangular effect is 
due to the illusion referred to on p. 149. (Figs. 31 and 38.) 

SiLLiMANiTB. Comp. — Al^ Si O5. Sygt, — Rhombic. Common 
in bunches of minute colourless prisms in schists altered by 
contact with granite. 2>. Be/r. — 02. 

Note. — ^Infusible, and sives good alumina reaction with cobalt nitrate. 
Minute fragments of rook may be thus treated and examined later under 
microscope. 

Smaragditb (see Hornblende). 

Soda-Amphiboles. Comp. — All may be represented as Na^ 
(Fe2, Alj) Si^ Oi2, with some (Fe, Mg) Si Oj. Like common 
hornblende in most respects. Arfvbdsonite, with little Alj, 
cannot be distinguished from common hornblende by simple 
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coicroacopic tests. The colour is brown or dark green.* Where 
the other minerals in the slide, such as nepheline, are rich in 
soda, the amphibole is likely to be arfvedsonite. Glauoophans, 
with little Fe^ is a beautiful blue variety, appearing a character- 
istic silky blue-black, inclining to slate- blue, on the rock-surfiEU)e. 
It forms, with epidote and eamet, great rock masses in the 
southern Alpine valleys. Under the microscope it shows as face- 
<x>loar8 pale violet-blue to greenish-blue or even yellowish tints, 
the axis colours being also striking. The darkest tints occur 
when the longer axis of a prismatic section lies nearly parallel to 
the shorter diagonal of the nicol. The extinction-angle is only 
about 5^ in clinopinacoidal sections ; hence very small in most 
hap-hazard prismatic sections. The longer axis of the prisms 
nearly coincides with the direction of vibration for the slowest 
ray. In kirbbckitb,! however, a ferriferous form, this direction 
is that of vibration for the fastest ray. Riebeckite is also blue 
in sections, with blue and green, or blue and dull straw-brown, 
axis-colours. Some amphiboles show secondary outgrowths of 
soda-amphibole. 

Note.—ln small priBins it ii potsibU to mistake a blue loda-ampbibole for 
a blue variety of toarmaline. But in the latter mineral the sreateet 
abBorptioD— -t.c, the darkest tint of the pleoohroism, occurs when the 
shorter diagonal of the niool is perpendicular to the lorger axis of prismatio 
sections. 

SoDALiTB. Comp, — Nag Al^ Si^ Oj^ Clj. SysL — Cubic. 

L Can be seen as small colourless cubes in the hollows of some 
trachytic lavas. Sometimes bluish. 

IL ^arm— Sections of cube, suggesting at first vertical sections 
of nepheline. Sometimes in larger irregular grains. Refr. Index 
— Lower than that of the balsam (1 *486). Colour — Colourless to 
faint bjue. 1). Refr, — None. Isotropic. 

Soda-Orthodase (see Orthoclase). 

Soda-Pyroxenes. Comp, — Approaching Na2(Fe2, Al2)Si4 0i{. 
iEciRiNE and acmite are non-aluminous. The common green 
monoclinic pyroxenes of trachytic and andesitic rooks, as well as 
-of some syenites and diorites, must be referred to merely as 
soda-pyroxene. They resemble augite, except in colour and their 
marked pleochroism; cross-sections are lighter in tint than 
Vertical ones, the former being yellow-green and the latter darker 
^reen. Tbe axis-colours are various tints of green. Aomitb 

*Roeenbusch distinffuisbes arfvedsonite, green and optically positive^ 
from barkeviklte, which is brown and negative. 

t Sauer ; Zeifchr. der detU$eh, geoL CftseU,, vol. xL (1888), p. 138. Also 
ilarker ; Qeol. Mag,, 1888, p. 465. 
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gives brown colours, ^bgirine green, and both have a smaller 
extinction-angle on Uie clinopinacoid (about 5**) than the common 
green rock-forming pyroxenes. The latter, being aluminous 
and monoclinic, may be accurately styled soda-augite. 

NoU, — Green pleochroio zones aometimee ■urronnd or occur within nonnal 
purple-brown augitea. The longer axis of the prlBms ia near the vibration- 
direcfcion for the fattett ray in loda-pyroxene, and near that for the tlowtut 
ray in amphibole. 

Sphene. Comp, — CaSiTiOg. Syst, — Monoclinia 
L Sometimes, as in syenites, visible on surface as yellow or 
brown-red pyramidal-looking crystals, small in comparison with 
the other constituents (see p. 76). 

n. Form — Common section lozenge-shaped (a somewhat acute 
rhombus), the boundaries being traces of the hemipyramid. At 
times imperfect or partly rounded. Clenv, — Prismatic, and thua 
not parallel to the common outlines of the section ; often seen in 
the larger examples. Refr, Index— Oloae to zircon (1*93); thus 
eyen higher than garnet. Colour — Pale-pinkish or yellowish* 
brown, to darker yellow-brown. Pleo, — Slight. D. Mejr. — 
Exceptionally strong, though not so strong as calcite. Pale 
colours of fourth or higher orders. Ttoina — Fairly common,, 
composition-plane parallel to orthopinacoid. (Fig. 26.) 

Note. — The lozenge-shape and hish refractive index oall attention to even 
small sphenes in rock-sections. For lbuooxknb, which is referred to- 
sphene, see Titanic Iron Ore. 

Spinblloids. — A name adopted for the isomorphous series of 
cubic minerals commencing with spinel (Mg Al^ O^), including 
chrome-spinels and chromite, and terminating with magnetite 
(Fe Fcj 0^ = Fcg O^). Their common characters are those of 
magnetite ; but there is a greater degree of translucency as we 
pass through chromite to true spinel, the refractive index being 
always high. Thus some chromespinels are a brown-green in 
section, resembling serpentine. AH are distinguished from 
common similarly coloured minerals by their isotropism. 

Stilbite ^Dbsmine). Comp. — OaALSi^O,^ + 6H2O, with 
some Nan and K^ replacing Oa. Syat. — Monoclinic. 

I. A fairly common zeolite, occurring in groups of platy 
crystals in cavities of calciferous lavas. Occasionally in radial 
groups. Pearly lustre characteristic. 

n. Form — liOng prismatic sections. Befr, Index — Below that 
of felspars (1 -497). Colour — Colourless. D. Me/r. —Weaker than 
natroUte ; pale first order colours. Extinct. — In clinopinacoid only- 
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abont 7* away from principal axis. Yibration-direction for 
&ste8t ray practically correspondB with longer direction of the 
prismatic sections. 

Taixx Cwnf. — Hj Mgg Si^ O^,. Sy9L — Rhombia 

L Difficult to distinguish from white micas in small flakes, 
but less brilliant, and hardness ^ 1. Easily recognised in well- 
developed talc-schists. 

n. Appears as greyish or colourless streaky areas formed of 
crystals with a basal cleavage. Strong double refraction. 

Titanic Iron Ore. Comp. — nmenito - mTiFeO, + nFe^O,, 
and is hexagonal. 

I. The rock-forming granules resemble magnetite. 

n. Form — Hexagons and granules. Cclowt — Opaque; decom- 
position-products in part dusky-brown and translucent, and 
referred to sphene. Black by reflected light, with a white mesh- 
work, or irregular patches, of deoomposition-products. These, 
whether translucent or opaque, may be styled LBUCOxm when 
they cannot with certainty be described as sphene. 

^ote.— Close astooiatioDi of titaDio iron ore and magnetite probably 
occnr, and some magnetite may be titaniferont without containing inter- 
grown with it any true hexagonal ilmenite. Henoe the term titanic iron 
ore is need here to cover all casee, investigated or donbtful. (Fig. 29.) 

Topaz. (7owp.— (F,HO),Al,8iO. (6Vo«^). /S^y^t— Rhombia 
L Rarely seen in the rock-mass, but occasionally prismatic 

and recognisable. The perfect basal cleavage may distinguish 

it from quartz. 

II. Form — Prisms or granules. CUaw, — Not always seen, but 
good basaL Refr, Index — Higher than quartz (1*615) and easily 
distinguished thus from it with a spot-lens or oblique illumina- 
tion. Colour — Colourless. D. Refr, — Colours much like those 
of quartz. Biaxial figure. Longer axis of prism is vibration- 
direction for slowest ray. 

NoU,~'Oecswn in many qoartzoee rocks, such as granites, ffreisen, ftc.» 
being probably deyeloped from the alteration of felspars and other silicates 
containing alumina. 

Tourmaline. Camp. — A borosilicate of various protoxide bases 
with alumina. Syet, — Hexagonal (Trigonal). 

I. Black patches and striated prisms, sometimes in radial 
groups; in granites and allied rocks. Sometimes green of 
various shades. Occurs often on the edges ot igneous veins, and 
is doubtless a product of the alteration of micas, felspars, and 
other minerals. The common black "schorl" replaces at times all 
the minerals of a granite except the quartz, additional secondary 
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quartz being at the same time developed. Not scratched hj 
knife. 

II. Form — Characteristic cross-sections of trigonal prisma 
with curved faces ; or delicate needles (as in " luxullianite ") ; 
or commonly in irregular masses spreading among the other 
minerals, and sometimes optically continuous around several 
granules of residual quartz. CUav. — Irregular cracks alone 
visible. A fibrous structure, due to rod-like inclusions, some- 
times seen. Zon, — Sometimes in colour. JR^, Index — Some- 
what above that of topaz (1*636). Colour — Commonly a warm 
yellow-brown, inclining to bluish tints in places. Sometimes 
dull blue or green. Fleo. — Strong; firom dark grey-brown to 
pale yellow-brown in common varieties. The darkest tint occurs 
when the shorter diagonal of the nicol is perpendicular to the 
longer axis of the prism. 2>. Refr. — Much like augite, but the 
colours are masked somewhat by the strong natural colouring of 
the common varieties of the mineral Basal sections isotropic, 
and giving black cross with convergent light. OpL Sign — 
Negative; the long axis of the prism is direction of vibration 
for fastest ray. Hence difiers from prisms of hornblende. 

^ote.— Absence of cleavage distinguishes tounn*line from biotite and 
hornblende, with which tonrmsline should be carefully compared. The 
passage into bluish tints ia ordinary lisht is oharacteristic of common brown 
tounmkline. See note on Soda-Amphiooles. 

Tremolitb. a non-aluminous amphibole almost free firom 
iron. Special points : — 

I. Colourless, or fidntly yellow or green. Occurs commonly, 
in veins and in metamorphic rocks, often in crystalline lime- 
stones. 

II. Like hornblende, but colourless. 

yoU, — Marked out commonly amon^ other colourless minerals by the 
lozenge-shaped form of its cross-sections and by the cleavages. See 
Actinolite and Hornblende. 

Tbidymitb. Conip. — Si Og. Syst. — Probably hexagonal. 

I. May be seen as thin transparent hexagonal plates, several 
being grouped together, in the cavities of some highly siliceous 
lavas. Brittle and difficult to extract. Specific gravity only 2*3. 

II. Seen in sections that traverse cracks and cavities in many 
rhyolites and trachytes. £ejr. Index — Lower than quartz (1*48). 
Colourless, with anomalous double refraction in the basal plates. 

Uralite (see Augite). 

Zeolites. — Common as white or pale-coloured products in the 
joints and cavities of lavas, or among the minerals of coarser 
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rocks. Very often in fibrous aggpregates, giying thus in sections 
A black cross in plane polarised light (see p. 149). For notes on 
some species of the group see AntAoime, Natrolite, and Stilbite. 
SSircon. Com^.— Zr Si O^. Sytt. — Tetragonal. 
L Common as a minute constituent of granites, diorites, d^x, 
and in the sands derived from them. Ordinarily invisible to the 
eye; but fine brown examples occur in rocks from Renfrew. 
Canada, and red or yellow crystals are common in several 
eheolite-syenites. High lustre; hardness » 7*5. Easily separable 
by dense liquids, owing to its high specific gravity (4*5). 

n. Farm — When seen among the particles separated from 
sands, the tetragonal prism, with pyramid of another order, is 
<x>mmonly recognisable, the hard little crystals being only slightly 
abraded. In sections, small grains or squares and prisms, 
included in micas or other minerals. Pleochroic areas very often 
occur in micas round about such enclosures of minute zircons. 
Befir. Index— Extremely high (« 1*95 or more), being a little 
above sphene. Hence the particles in a mounted sand stand out 
with very black borders; while those in rock-sections have a 
very distinctly pitted surface. Colour — Oolourless. 2>. Re/r. — 
Stronger than micas ; colours of high orders alone seen. Opt 
Siffn — Positive. 

ZoisiTE. Comp, — Hj Ca^ Al^ Si^ Og^ (compare epidote). Syit, 
— Rhombic, but the forms are closely similar to those of epidote. 
I. Rarely seen in recognisable forms in rocks, though common 
as an alteration-product. Colourless. 

• XL Form — Prisms, the longer axis corresponding to the ortho- 
diagonal of epidote. Basal sections lozenge-sbaped, with prism- 
angle of 116® 40' Occurs very often as a decomposition-product 
within basic felspars. Cleav, — Perfect parallel to the brachy- 
pinaooid. Eejr, Index — Near that of augite (1 -698). Colour — 
Colourless. D. Befir, — Much weaker than that of epidote ( = about 
'006^; weaker even than many felspars. Hence in ordinary 
sections the colours between crossed nicols will appreciably aid 
in the discrimination of zoisite from colourless epidote. ExtincU 
— In prismatic sections not distinguishable from those of epidote. 
The longer axis is sometimes the vibration-direction for the 
nty of mean velocity, and sometimes for the fastest ray, so that 
the quartz-wedge gives different results for different crystals, 

-^ote.— Compare epidote (pistacite), and tremolite. See also note on 
flaussorite at end of the description of the plagioclases, since zoisite is a 
•common product of their decomposition. 
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CHAPTER XVIII. 

8EDIMBKTABY ROCKS. 

To proceed to the application of the methods of observation that 
have been now described, we may begin with fragmental or clastic 
rocks, as being on the whole the most frequently met with and 
being in many cases capable of simple examination in the forn^ 
of powder under the microscope. As in the case of rock-forming 
minerals, under the heading L, in dealing with each type of rock, 
we shall describe the characters that ordinarily serve for it» 
determination in the field or in a hand-specimen, while under the 
heading XL we shall point out its most striking microscopic 
characters. 

I. Sands and Sandstones. 

Sand. — Composed of loosely aggregated grains of quartz, 
various silicates, or other minerals; in the vast majority of cases,, 
rocks described as sands possess a large percentage of silica. 

I Sands should be collected in as dry a condition as possible, 
but where they are not likely to have been locally sifted by air- 
currents. Specimens can be easily carried in strong pill- boxes 
in a dry state, or, very conveniently in stout glass specimen- 
tubes, corked, the tubes themselves being protected in a little 
flat box carried in the field-bag. Shell-fragments, spines, spicule^ 
and so forth, can generally be separated by sieves, and the char- 
acter of the inorganic mineral granules can then be studied 
separately. The mud or other obscuring particles on the surface 
of the grains should be rubbed off as fiar as possible with the 
fingers, and, when thus loosened, can be blown ofi* or washed 
away in water. Where the first signs of cementation and of the 
conversion of the sand into a sandstone have made their appear- 
ance, the chemical or other characters of the cementing material 
must be carefully examined. 

For many observations it is necessary to clean the grains with 
acid ; limonite, calcite, ko., are thus removed, and the residue 
commonly emerges from the test-tube in an almost colourless 
condition. 

While washing in water will often separate the particles into 
materials of different kinds, as when we wash off in a flat dish 
the plates of mica or the minute clayey mud-flakes, yet the use 
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of heavy liquids will be invaluable in all cases of researoL The 
extraction of heavy minerals, such as zircon, rutile, &c., from 
common sands may also be effected very £urly by the following 
method described by Mr. Cams- Wilson.* A piece of cardboard 
about 2 feet long is bent in the form of a trough and held in thi» 
curved form by elastic bands at either end ; this is held at an 
angle sufficiently steep to allow the sand to travel slowly down 
when the cardboard in tapped with the finger. The heavy 
minerals, commonly appearing as very small dark grains, lag 
behind, forming a continually increasing crescent-shaped group 
at the upper end of the descending material When the last 
common sand-grains have fallen off, this heavier portion may be 
collected in another vessel. There will be a number of minute 
quartz grains, <kc., still associated with the rutile or zircon ; but 
these can be largely removed by blowing lightly; even if a 
separation in dense liquids becomes finally necessary, the work 
will have been very greatly fisuiilitated by this simple and effec- 
tive preliminary method. 

Sands derived from volcanic rocks and from other igneous 
masses frequently contain magnetite, which can be easily picked 
out by the magnet. Even olivine has been recorded as forming 
whole beds of sand, which in the future may produce an anomal- 
ous and stratified deposit of serpentine. It must be remembered, 
however, that even in common sands the particles are not 
necessarily homogeneous, many of them being the relics of rock- 
firagments rather than simple minerals. Tiny pebbles of iron- 
bound sandstone, of quartzite, of chert, or of the matrix of old 
Highly silicated lavas, are common among the cc^ustituents of 
sands. 

In the field, the stratification of fine sands is often worthy of 
study, and current-bedding is a very common feature. Owing 
to the yielding nature of the deposit, local contortions sometimes 
occur through the pressure or slip of beds above. The bleaching 
of ferruginous sands by vegetation can be characteristically 
observed upon any sandy heath. 

II. The outlines of sand-grains can be well studied micro-^ 
scopically in water, a cover-glass being pressed down upon the 
preparation. But the grains should always be examined as a 
preliminary by refiected light, being simply scattered on an 
opaque card and brought under the microscope. If much 
snrfiBkce-coating is present, it may be necessary to treat the 
particles with dilute warm acid in order to render them cleai> 
and transparent for subsequent observations. 

* Nature, vol. xxxix. (1889), p. 591. 
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The forms of the grains, quite apart from the question of 
rounding, resolve themselves into some three groups: — (a) 
ordinary granules, irregular or spheroidal; (6) rod-like bodies, 
sometimes seen to be well preserved and well terminated crystal- 
line prisms ; and (o) platy forms, commonly with very irregular 
boundaries. 

Every worker should be acquainted with the already classic 
address by Mr.- Sorby * delivered to the (Geological Society in 
1880, which abounds in practical suggestions, as well as in results 
■of the widest interest. The present remarks relating to finag- 
mental rocks are naturally based largely on the observations 
then put forward. 

Thus Mr. Sorby notes that the difference between granules 
and platey forms, not always to be determined by focussing the 
instrument on various parts of the surface, may be seen by 
pressing the cover-glass above the particles mounted in water. 
The granules roll over and thus show changes of form ; while 
the little plates glide along, rotating only parallel to the plane 
of the glass slip. 

Polarised light aids greatly in such observations ; for a series 
of coloured rings or zones, which are fairly parallel to the out- 
line, appears if a grain is present, since it becomes thicker from 
the margin inwards. Platy forms commonly show similar rings 
at their frayed edges ; but the central area gives a uniform 
colour, being bounded above and below by parallel sur&ces. 

The degree of rounding of the grains must be studied by 
transmitted and reflected light. Mr. Sorby, in comparing one 
sand with another, uses sieves that separate grains for examini^ 
tion having a diameter of about y^th of an inch. The finer the 
grains, the less the degree of rounding ; and it is obvious that 
very cleavable or friable materials will be incapable of comparison 
with such substances as quartz. Thus some constituents become 
quickly reduced to minute particles, and thereafter suffer little 
physical change ; others exist as minute crystals in the rock from 
which the sand is derived, and these may retain their forms 
through a very long series of natural triturations. 

The best preliminary method for the examination of a sand is 
to sift it through a set of sieves, as used in chemical laboratories^ 
whereby it becomes separated into grains (a) coarser than ^th 
-of an inch ; (b) between ^^^th and ^th ; (o) between ^th and 
•^th ; (d) finer than ^th of an inch. In most cases, stones and 
shell-fragments will be found in a, and an abundance of fine 

* Quart, Joum, Oeol, Soc, vol. xzxvi. (1880), Proc., p. 46. See also 
JiontJUy Mieroscop, Joum., 1877; Anniv. Address. 
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qoartz-grains, with mtile and zircon, in d. Foraminifera aud 
coarser sand-grains may be in 6 and c. 

Mr. Sorbj and Mr. J. A. Phillips* have pointed oat that the 
most rounded and polished grains are found in sand accumulated 
on land-surfaces, as in deserts. Thus some of the Bunter sands of 
Lancashire and Cheshire " flow between the lingers as readily as 
shot," and were very probably blown against one another in some 
Triassic desert. The process even here must continue for a con- 
siderable time, since the ordinary drifted sands of sea-side dunea 
show little rounding ; while it would be difficult to find a parallel 
among the polished sands of modem deserts for the remarkably 
smooth and globular constituents of the Triassic "millet-seed 
sands." Where, then, the majority of medium-sized grains in a 
sand are strikingly rounded, the deposit has been formed by 
»olian agency, or by rivers bringing down such materials from 
the land. 

It must be borne in mind that the more heterogeneous the 
constituents of a sand, the nearer it is likely to be to the place 
of origin of the materials. But any sand may have been oemented 
into a sandstone, and again broken down into a sand, in several 
geological periods, and denudation combined with earth-move- 
ments may have long since removed the rocks of which its grains 
were original constituents. On our own southern shores it is 
most interesting to reflect on the mingling together of granitic 
quartz, and of Triassic, Portlandian, Oretaceous, and OUgocene 
sands, to form later sandstones which will be assigned to the 
opening of the human period. 

The grains of qtiartz that compose so large a part of ordinary 
sands, when cleaned from their superficial coatings, show an ab- 
sence of prismatic forms and cleavage-surfiEu^es, and are generally 
pitted and covered with small grooves, when seen by reflected 
light. By transmitted light the strings of liquid-enclosures, 
characteijstic of rocks that have at one time been deep-seated, 
frequently become visible. At other times, relics of glass that 
has intruded into the grain point to its having existed in a 
volcanic magma. The deposition of crystals upon the grains 
will be treated of xmder the head of sandstone (p. 192). 
. The bright colours of the quartz in polarised light, running in 
zones that rise towards fourth order colours at the centre, serve 
to pick out the granules among duller and heterogeneous material. 

Particles of Jiint are comparatively rare, even in the finer 
materials of flint gravels ; though in some sands they contribute 

*"0n the coDttitntion and history of grits and saDdstones.'* Quarts 
Journ, QtoL 8oc, vol. xxxviL (1881), p. 12. 
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by their abundance to the dark colour of the mass.* The chips 
are typically angular and small, and show with crossed nicols 
a minutely granular structure, the grey speckled effect being 
constant during rotation, and the whole never becoming ex- 
tinguished at the same time. Particles of white flint may be 
seen in some gravels by reflected light, and may be picked out 
and tested with acids. Some of these show traces of the structure 
of siliceous sponges (sand of Cbipstead, &c.) Others result merely 
from the alteration of firagments of originally black flint. 

Felspars give generally rounded grains, which are almost 
0{)aque in water, and are, if large, not very translucent in bal- 
sam. By reflected light they appear milk-white, or brownish or 
pinkish-red. These effects of earthy decomposition are very char- 
acteristic, although clearer examples, even snowing repeated twin- 
ning, occur near the place of origin of many sands. It must 
be remembered that a prismatic doubly-refracting plate thinner 
towards one edge than the other will give with crossed nicols a 
series of coloured bands, which may simulate twin-lamellse ; but 
the colours will not bo alternately complementary, but will rise 
in the order of Newton's scale as they recede from the thin edge. 

The Ificas show flat irregular plates, the edges descending 
in minute steps, owing to the cleavage. But for this indication, 
the cleavage is not noticeable, since the plates will not stand up 
edgewise in the preparation. This £a.ct is important also in 
observing pleochroism, since the almost uniaxial character of 
common dark mica prevents the change of tint from appearing 
in basal flakes. The lustrous surfaces of the micas enable them 
to be detected in the dry sand by reflected light. 

Amphiboles and Pyroaoenes give more or less prismatic frag- 
ments, with signs of cleavage and a faArlj robust appearance. 
The pleochroism of the former group aids in its reoognition. 

TourmaliTie occurs often in sands derived from granites, 
yielding conchoidally fractured grains or prisms^ of dark brown 
green or other colours. Strong pleochroism, the darkest tint 
occurring in the reverse position to that of hornblende, t.e., per- 
pendicular to the longer axis of prismatic forms. 

Magnetite is opaque black, verging into the brown of the 
^'ironstone" grains that are also freouent in sands. These 
opaque brown grains often consist oi the material, such as 
limonitef by which the sand may ultimately be cemented. 

Kaolin gives in water, on pressure of the cover-glass, tiny platy 
particles and much excessively fine dust. In water or balsam 

* Mi88 M. I. Gardiner, <'0n the Greensand Bed at the base of the 
Thanet Sand." Quart. Joum. Oeol. Soc., vol xliv. (1888), p. 76d. 
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the doubly-refracting character enables the crystals to be picked 
out from the mere amorphous or minutely diyided mud. Opaque 
white by reflected light. 

GlauconiUj a general name for the green silicates that form in 
hollows of foraminifera, <&a, is granular, the grains being commonly 
composed of smaller ones, and retaining in many cases some trace 
of the form of the foraminiferal chambers in which they first 
consolidated. Colour dark green to gi*een-black by reflected 
light ; by transmitted light earthy to clear green, yellow-green 
or brown-green. A very common soft constituent of the greener 
beds of sand in all formations. 

The heavy minerals that appear on separation from the bulk 
of the constituents of a sand are mostly iron ores, tourmaline, 
zircon, and rutile. Mr. Allan Dick found in a bed of the Lower 
Bagshots at Hampstead about 3 per cent, by weight of these 
constituents. Zircon exhibits colourless strongly refracting oYoid 
or prismatic rods, the prisms being frequently terminated by 
only slightly abraded planes of the pyramid. Enclosures of rod- 
like crystals may be seen within the zircon& BtUile appears as 
orange-brown granules or prisms, the characteristic heart-shaped 
or geniculated twins being occasionally present. The outlines 
of the forms are very black, owing to the exceptionally high 
refrtkctive index.* 

Finally, the rook-fragments that may occur in sand, even on 
« very minute scale, must be considered apart from the pure 
minerals ; but their study is beset with difficulties, and specimens 
from the coarsest varieties of the sand-beds can alone give satia- 
fibctory indications. 

In tracing the origin of a sand, great caution must be employed. 
It is difficult indeed to estimate the extent of the alteration 
ondergone by the minute granules since they left the parent 
rock ; and the lapse of time between the formation of the two 
masses, the old rock and the sand-bed, is often so vast that the 
characters of the parent itself may have become considerably 
changed. Thus the occurrence of quartz with liquid-enclosures 
in a loose sand or sandstone points to an original granitoid or 
metamorphosed rock ; but the quartz may be comparatively free 
from such enclosures in a sand and yet no longer resemble that 
of the original mass, in which abundant enclosures may have 
been set up by actions subsequent to the starting of the sand- 
grains on their travels. We must remember also the constant 
processes of natural sifting by which the stratified materials are 

* See Teall, Micro$eopie Petrography^ plate 44. 
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Borted out progressively into the varieties of deposits with whidft 
we are familiar. 

Grits and Sandstones. — L These may be studied by rubbings 
up with the fingers or a stiff brush (not by crushing) until the 
individual constituents are released. The cementing matter 
must be examined chemically ; in many cases the cleavage^ar- 
faces of calcite can be seen gleaming between the grains, which 
have become, indeed, set in ophitic crystals of the cement. 
Barytes occurs in some cases, and silica is common. Dark iron 
oxides cement sandstones at times in bands and patches, and 
casts of fossils, though lost in the rock, will be found occa- 
sionally preserved in these consolidated parts of it. 

In the so-called '' crystalline sandstones," known in Britain 
through their occurrence in the Permian, the grains show 
crystal-facets of quartz, easily seen in coarser cases with the 
lens. Mr. Sorby showed how these crystals resulted from the 
deposition of silica upon original rounded gi*ain8, the interstices 
between them becoming finally filled with this clear secondary 
quartz. 

II. This question receives even greater interest from the appli- 
cation of the microscope. If the grains thus coated with faceted 
quartz are treated with acid to remove limonite, <&c., the original 
internal grain becomes visible by transmitted light, and the 
secondary deposit is found to be in optical continuity with the 
original quartz, being in fact a restoration or perfecting of the 
abraded granule. At times only the first signs of such crystals 
appear on the surfaces of ordinary grains, showing as bright little 
pyramids when reflected light is used. It has been suggested^ 
on the other hand, that some grains become corroded by solution 
of the surface after the consolidation of the sandstone. 

^Should the original grains be completely enveloped in new 
quartz and their independent outlines lost, it is evident that the 
union of the coats belonging to adjacent grains will take place 
along irregular surfiskces, and a number of interlocking granules 
will appear in section, each giving a uniform tint between crossed 
nicols. Such a structure is characteristic of the quartzites about 
to be discussed. 

Sections of consolidated grits and sandstones are particularly 
valuable for the study of cementing materials. Chalcedony is 
of frequent occurrence, and in some cases amorphous and 
chalcedonic silica have resulted from the solution of spicules 
of sponges scattered through the sand-bed, the casts of which, 
or of their tubules, still remain. This matter will be again 
referred to under chert 
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Pro£ Bonney * has remarked od the raritj of ohalcedonj as 
a oementing material among the older rooks. It is quite possible 
that a slow passage into the condition of quarts takes place, 
and the continuously crystalline appearance of the granules of 
ordinary quartate becomes thus finially set up. 

The ferruginous cement of many dark rod sandstones and 
''cantones," like certain layers in the Folkestone Sands, is 
almost opaque in sections. 

In grits the constituents can be easily studied in section; 
the felspars often appear prominently, as in rocks formed close 
against a granitoid or gneissic area. The Torridon Sandstone 
ot N.W. Scotland is a 6ne example. (Frontispiece, fig. 2, and 
p. ziii.) The larger quartz fragments are frequently seen 
between crossed nicols to be compound, being in fact quartzites 
and deriyed from pre-existing consolidated sandstones. The close 
examination of the rock-fragments in coarse grits gives one a 
rery fair idea of the nature of the land-surface over which the 
denuding and transporting agents worked. We must remember, 
however, that limestones and clays go to powder readily, and 
are only feebly represented in these final accumulations. 

In an old volcanic district, the consolidated grits and gravels, 
seen in section, give one very valuable information as to the 
rocks that were first attacked by denudation. Thus the glasi^y 
scoriaceous surfaces of lava-streams become early broken up and 
reduced to fertile soils and red bands of ** Jaterite ; " but in the 
gritty accumulations of the rivers that flowed through the vol- 
canic area we find rolled fragments of these surfaces preserved 
in considerable abundance. 

There is offcen considerable difficulty in deciding as to whether 
fragments of lava, occurring in a sandstone, point to contem- 
poraneous volcanic action. A rock may not be an actual tuff, and 
yet may derive much of^ its materials from adjacent tuffs, which 
were formed, perhaps, only a few days before its own period of ac- 
cumulation. Here the microscope aids us in estimating the rela- 
tive antiquity of the igneous fragments. Their decree ot freshness, 
particularly when they consist of pumiceous glass, oecomes a useful 
guide. Where, however, they are minute and shred-like, we must 
remember that the explosive action which produced them, although 
truly contemporaneous, may have occurred a hundred miles or so 
from the site of the sandstone in which they are embedded. 

Sandstones formed close against a mass of granite, or similar 
plutonic rock, may sometimes closely imitate the igneous mass, 
especially when seen in section. The fine-grain^ "arkose" 

* '< On the Ightham Stone," Oeol. Mag., 1888, p. 299. 

13 
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produced under such conditions contains all the minerals of the 
Igneous rock, closely set, and fitted into one another by the pres- 
sure of oyerlying strata. But it must be remembered that the 
ferro-magnesian minerals, the micas and so forth, of the original 
igneous rocks are those that develope first, and secure their 
characteristic outlines. Here, however, in the reconstructed 
rock or arkose, they will have no superiority of form, and will 
often be crushed against and folded round the more resisting 
grains of quartz and felspar. 

Quartzites. — I. A certain amount of difficulty has been made 
as to the distinction of '' quart2-rock " (massive quartz) and 
quartzite ; but the former rock typically occurs in veins, as 
a product of hydrothermal action, and is formed of coarse 
interlocking and itregular quartz crystals. The quartzites, 
on the other hand, are divided by a number of small joint- 
planes, often show traces of bedding, and almost invariably 
reveal their granular structure on close examination with 
the lens. Any grit or sandstone with a siliceous cement 
may be regarded as a quartzite, and the pocket-knife readily 
detects this essential character. The best types, however, are 
those in which the individual granules have become merged, as 
it were, in the cement, which has settled down in crystalline 
continuity with the several grains. The surface of such rocks, 
and of the cement in other types, presents a characteristic almost 
vitreous lustre, and is broken up into a number of minute 
glancing points. The colour of the rock is commonly pale grey 
with yellower or browner joint-surfiskces, the iron having passed 
away along these during the slow alteration of the mass. Many 
quartzites, like those of the Wicklow Sugarloaf and the cappings 
of the Torridon hills, are almost pure white, and can be seen as 
gleaming crags at a considerable distance. 

The specific gravity is practically that of quartz or a little 
higher (about 2*67). Acids merely spread over the surface with- 
out effect, and the hardness at once forbids any confusion with 
grey dolomite. Even the compact eurites, of igneous origin, are 
almost invariably softer than typical quartzites. 

The bedding-planes of the original sandstone are very often 
obscured, and the fracture of the rock is irregular to conchoidaL 
The foliated truly metamorphic quartzites will be discussed under 
quartz-schist. 

n. In section the quartzites are clear and colourless, with occa- 
sional signs of the original granules. With crossed nicols a brilliant 
interlocking mosaic of quartz-areas appears, the effect of which is 
intensified in the metamorphic types by crushing (see fig. 44). 
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II. Fbaomeittal Yolcanio Deposits. 

While Tolcanic sands are mere waterwom deposits that have 
derived their materials from some neighbouring voloanic area, 
there is a great group of rocks, often well stratified, that is 
formed directly by volcanic accumulation. 

Volcanic A|^omerates or Coarse Tuflii. — ^The constituents are 
blocks of volcanic or more deeply seated rocks, angular and often 
of considerable size. These are frequently scoriaceous and 
amygdaloidal, and represent the more vitreous parts of lavas. 
Spheroidal bomb-like forms may be looked for, as well as twisted 
ropv types, coloured externally a rusty brown. The groundmass 
is K>rmed of similar smaller fragments and fine dust, and the 
whole becomes in older examples as firmly cemented together as 
a conglomerate, the joint-planes traversing the included blocks 
and the binding material alike. The great weathered joint- 
sur&ces of such rocks are valuable for study in the field, as 
the materials of different composition and hardness stand out on 
them distinctly from one another, and sections are in addition 
provided of the bombs and other ejected blocks. Sketches must 
be made on the spot, as it is impossible to adequately represent 
such masses in hand-specimens. 

The fragments torn fiN>m stratified deposits and thrown out 
into the agglomerates, particularly when the eruption was sub- 
niariiie, are well contrasted with the igneous matter. We may 
note as examples the great flakes of shale to be seen in the 
blocks under Tyrau-mawr on Oader Idris. 

Tuffs and Ashes. — L The tuffs are so often altered soon after 
deposition, owing to the attacks of volcanic vapours, that their 
former loose character is lost, and they appear compact and even 
uniform on newly fractured surfaces. Weathering, however, 
reveals the coarsely fraffmental structure, and developes again the 
•coriaceous character of many of the included blocks. Examples 
of the weathered surface should always be collected. The beds 
will be found, on tracing out, to vary considerably and rather 
rapidly, and to present, if deposited on land, marked variations 
in thickness. 

The loose tuffs of late Tertiary volcanoes are readily recog- 
nised. The embedded crystals, such as augite or felspar, and 
the blocks of lava, will enable one to ascertain the character of 
the materials that rose in the volcanic vent. Earlier and 
consolidated beds will, however, be sometimes blown to pieces 
and mingled with these fresher layer& 
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The 6iier ashes form very compact beds tbat require the 
microscope for their determination. In many, particularly when 
spread out by water, there is the most delicate strati ficatioa, and 
the older varieties resemble grey or greenish slates. Gon- 
oretionary lumps may be formed in tiiem, simulating at firat 
sight the fr^ments in a tu£ 

II. The study of tnfis and ashes under the microscope is of 
immense interest, owing to the various types of volcanic rock 
that are found thus thrown together. An abundance of glassy 
particles, often in mere shreds or oonchoidal wisps, characterises 
the gronndmasa in moat cases. Even in ancient examples, the 
forms of these remain strikingly apparent (fig. 32). The larger 
lumps must be compared with their representatives among the 
lavas, but a preponderance of glassy types may be expected. 



Kg. 22.— Altered Andente-tuff— Snead, Qsar Bishop's Castle, Sbroinliire. 
X 11. Prssmaits of variom Uvm, nkora of les« devttrified, niih 
oiystals and fine oonpaoted interetitisl aih. a. Compact aodaaite <h' 
^baaite. /, ESjeoted eryatals of felspar, probably darivad from Um 
breaking np of pamioe. p, PerUtio and formerly glassy mndesiCB. 
pa, Pamioeon* and veaioiilar fragnunts of altered andamte-glus. 

In fine compacted ashes it may be impossible to determine in 
section the volcanic origin of the material ; but modem examples 
can be mounted in balsam like sands, when a mixture of pumiceoQE 
(glassy fragments and crystals of various constituents becomes 
easily visible under a J-inch objective. The crossed nicols serTC 
to pick out the crystals from the glass, the felspars appearing u 
brightly coloured cleavage-flakes. The careful microscopic study 
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of BQofa recent materials enoourages one to oope with very 
dabions '' slates ^ and indurated b^s which may prove to be of 
volcanic origin. 

The minerals developed by secondary action in toffii and ash- 
beds seldom obscure the structure when the microscope is used. 
Even fluor-spar arises at times ; and the vitreous matter becomes 
commonly altered to greenish softer products, when basic in 
character, or to anisotropic granular areas when more highly 
silicated. The form of the wisps and shreds of glass is, however, 
well preserved, even in some ashes of very ancient date. 

A brecciated lava may often be distinguished from a tuff by 
the adjacent fragments being clearly broken apart from one 
another, veins of new minerals or crushed materials filling the 
gap. Lavas may often pick up fragments of their own cooled 
surfaces or of beds over which they pass, and the microscope 
must prove the continuity and formerly fused character of their 
matrix before they can be well distinguished from tuffs. Pro- 
ducts of crystallisation from the fused mass, such as spherulites, 
ifec, will in such cases often be seen round the included frag- 
ments, and the edges of the fragments may show signs of 
remelting, or of secondary crystallisation. (See p. 99.) 

Fine-grained ashes, again, may pass into true sedimentary 
deposits through being accumulated under water or by the flow 
of rain-floods down the sides of the volcano. Microscopic 
evidence will bint at this mingling of material, but such sugges- 
tions must be worked out fully in the field. 

Finally, the materials of any one deposit are likely to give 
only a limited notion of the nature of a particular eruption, or of 
the rocks extruded, since a sifting of a very complete character 
may go on in the air, the compacter lava-framents falling nearer 
the volcanic centre, the crystals embedded in vesicular glass being 
carried farther, and the fine pumice being deposited to form con- 
siderable dust-beds at a distance of even several miles. 



III. Clays and Shales. 

I. The plastic nature of clays when freshly collected, and 
their easy sectility when dry, the cut surface appearing polished, 
are characters known to every one. Any change of colour should 
be noted in a clay-pit as deeper beds are approached, for the 
suspicion of alteration hangs over most brown clays. The 
irregular greenish or red streaks of the '' mottled clays " impart 
a characteristio effect to many fresh-water deposits. 
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The study of the origin of clays may be carried on upon the 
flanks of granite areas or other regions rich in felspars. Even 
the purest and most separated natural clay will yield some 
residue of sand-grains or silicates, together with minute rutile, 
after the kaolin has been artificially washed away. Mr. Sorby 
shows how the minute clay particles in a natural current aggre- 
gate rouDd larger grains, and thus fall earlier and in a less pure 
condition than would otherwise be the case. To detect these ad- 
mixtures, which may give some hint of the source of the clay, the 
material is broken up, without violence, and ^konmghly dried. 
The pieces are now immersed for twenty-four hours in water, 
when they break down easily to a very fine mud, which can be 
washed gradually away (see p. 114). Bepeated washing in a 
broad dish will serve all ordinary purposes, the fine muddy 
material being poured off at intervals. The residue will consist 
of sand, dice., ready for microscopic study. Selenite and iron 
pyrites may be expected. 

Small fossils, such as entomostraca and foraminifera, may be 
similarly extracted. As a recent writer* remarks, their very 
smallness allows them to retain delicate spines and structures 
upon their surface when larger shells have been entirely broken 
up by natural or artificial pressure. He recommends the use of 
a quite moderate amount of water, so as to aUow of slight friction 
of the mud-coated organisms against one another, which assists 
their cleansing ; the fine mud may, as a safeguard, be decanted 
off through muslin ; in some cases fine silk is necessary. 

Marls, truly so-called, may be detected by their partial effer- 
vescence with hydrochloric acid, the shelly or inorganic admix- 
ture of carbonate of lime readily betraying itself. 

Loams, on the other hand, are recognisable by the large pro- 
portion of gritty matter, insoluble in acid, that remains behind 
after washing. 

The beautiful laminated structure of some clays become more 
apparent where the materials are more consolidated and the rock 
passes into shale. On the sur&u^es of such beds delicate fossils 
must be looked for, the leaves of Tertiary deposits, the Wealden 
entomostraca, the plant remains of the Coal-measures, and the 
impressions of the graptolites, being familiar examples. Yery 
fine calcareous beds, like parts of the Solenhofen '' slate," resemble 
some pale shales, but can at once be distinguished chemically 
with acid. Among the older rocks there is a tendency for 
shales to become darker than the corresponding modem stratified 

* flfcicn<i/fc Ntw%, voL L (1888), p. 141 ; also Praeger, "EstnariDe Caftys," 
iVoc. R. Irish Ae^d,, 3rd ser., vol. ii. (1892), p. 218. 
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days, and graphitic matter becomes finely disseminated by organic 
de<»ky. The fissility of the layers, due to shrinkage, and pressure 
of upper deposits, is the essential character of these shaly forms. 
See also Concretions later. 

Bamdte is not a true clay, but is commonly mixed with clay, 
and is found in association with ordinary sediments. In some 
cases it has clearly arisen from the decay of igneous rocks rich 
in alumina. It is a compact or pisolitic mass, cutting like clay, 
adhering to the tongue, and grey or cream-coloured. Some 
varieties are strongly red, through abundance of iron. The 
material is a hydnited oxide of aluminium and iron, and is 
soluble, except for impurities, in sulphuric acid. Its value as an 
ore of aluminium makes it much sought for. 

n. Under the microscope the minute particles of kaolin are 
platy or merely dust-like, but distinctly afiect polarised light. 
Quartz grains stand out^ however, with coloured polarisation, 
and fragments of shells show the strong double refraction of 
calcite or aragonite, often with black crosses due to minute radial 
aggregates. The residues after washing resemble sands; care 
must be taken that mica flakes, which may be numerous, are not 
washed away completely with the light material, on account of 
their easy notation. The rutile is extremely minute; but in 
many clays the titanium dioxide, as shown by analyses, amounts 
to over -30 per cent. 

Crystals or cleavage-flakes of gypsum (selenite) are not un- 
common, recognisable by their angles and low polarisation-colours. 
Glauconitic grains may also be expected. 

Some clays and shales contain pumiceous and other volcanic 
particles, and graduate into the subaqueous ash-accumulations 
already described.^ 

lY. LiMBSTONBS. 

General Characteni. — The colours of limestones are very 
various ; but the hardness, about 3, helps greatly in the detec- 
tion of these rocks. While at times finely granular limestones 
resemble quartzites, and dark varieties even imitate compact 
basaltic lavas, the knife readily settles the question, and leaves 
a well marked scratch, filled with white powder, across the 
limestone. 

* A large number of miorosoopic details regarding days, and their allies 
the slates, are to be found in papers by Mr. W. M. Hatchings {Oe4>l, Mag., 
1890, pp. 264, 316; 1891, pp. 164, 304; 1892, pp. 164, 218; 1894, pp. 36, 
64 ; and 1896, pp. 309, 343). 
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The specific gravity is generally rather under that of caldte, 
probably owing to organic impurities. Some compact varieties 
give only 2*6, while the dolomites run up to about 2*85. 
Varieties with much aragoDite will give 2*8. With hot acid 
all varieties effervesce freely. The ordinary limestones do so 
when a drop of cold acid is laid upon them ; but the dolomitic 
limestones show a less rapid effervescence, cuid true dolomite 
gives barely a trace until heated in the acid. 

The residues after solution (see p. 120) are often of extreme 
interest. Sand-grains are of course common, with glauconite, 
tremolite, flakes of mica^ Ac But in many cases silicified organic 
structures may appear; and in the Carboniferous limestones 
doubly terminated quartz crystals have been frequently noted, 
containing impurities from the limestone, in whioh ttity have been 
developed after its consolidation. Mr. E. Wethered has found 
these, in the Olifton limestones, formed round detrital sand-grains, 
just as the secondary quartz is deposited in the sandstones already 
described. Excellent figures of the appearance of some of these 
residues accompany his i>aper.'* We may note that fissile lime- 
<^tones are rare, and that planes of lamination, though they may 
be quite apparent, as in some Tyrol dolomites, do not necessarily 
fnrm easy planes of separation. The distinct vertical joints, 
passing down through many feet of strata, give, with the bedding- 
planes, the well known block-like character to exposed limestone 
surfaces, and tend to perpetuate the terraced cliffs so fetmiliar in 
the field. In the hand, compact limestones break through with 
a clean fracture in almost any direction, the surfiftces produced 
by trimming being conchoidal in those of the finest grain. 

Mr. Sorby observes that the fissile character of the Stonesfield 
''slate" is due to laminsB from the shells of Ostrea and brachiopoda^ 
Another point brought out by his extended series of studies and 
comparisonsf is the frequent occurrence of small rolled fragments 
of earlier beds of limestone in those of later consolidation. 

Concretions of silica (fiint and chert), and the replacement of 
whole beds by pseudomorphio action, are common features of 
limestones of every age. The character of the products of such 
action will be discussed in the seventh division of this chapter. 

The faces of cracks in limestones, cuid the surfaces of hollows 
and caves, will be commonly found coated with stalactitic crusts, 
often of great delicacy. Similar deposition upon leaves, twigs, &c^ 
from springs containing carbonate of lime, gives rise to travertine 
or "calcareous tufa," the interspaces becoming finally filled up 

♦ Quart J* urn, Oeol, Soc,, vol. tliv. (1888), p. 188. 

f Presidential Addrew, 1879. QuarU Jaum. QeoL 8oC, voL xzxv., p. 56. 
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^th calcite and the whole mass consolidated into a limestone 
showing vegetable impressions. 

Shelly Limestones and Chalk. — Seeing that, as Mr. Sorby has 
shown, followed recently by Messrs. Cornish and Kendall,* there 
are namerous organisms that constrnct shells of aragonite, while 
other shells consist of calcite, and yet others of layers of both 
these minerals, we must expect to find both forms of carbonate 
of lime in association in our shell-banks, or in their older re- 
presentatives, the shelly limestones. The crystalline matter 
filling interspaces, and the actual shell-substance of brachiopods, 
•echinoderms, and many lamellibranchs, consist of calcite ; while 
the instability of aragonite gives rise to pseudomorphs in granular 
calcite, or to the total removal of ^e shells originally built up 
by it. Hence calcite becomes the prevalent constituent of con- 
solidated limestones. In judging of the fauna to be found in 
these rocks, allowance must be made for the solubility of the 
nragonite shells, and search must be made for impressions 
and casts. Thus porcellanous foraminifera,t the skeletons of 
uorals, many lamellibranchs, and most gastropods, may be 
absent from permeable rucks in which they once existed in 
abundance. Messrs. Cornish and Kendall show how below the 
saturation-level such shells may be preserved, though in a 
•crumbling condition, while in the beds through which the water 
actually flows they become entirely removed, the calcite shells 
being also affected along well-marked lines of flow. 

I. In the field the shells should be looked for upon weathered 
sur&ces, or upon the marked bedding-planes of the rock. Many 
slab-like masses seem unproductive until split open parallel to 
the stratification. Careful chiselling away, after collection, with 
a small chisel or a blunt knife-end, and steady cautious friction 
with a tooth-brush, dry or under water, will reward the worker 
who has time for the development of choice specimens. Calcite 
shells have a somewhat transparent appearance in small frag- 
ments; aragonite shells are more porcellanous and dull, and 
wiU scratch the aw/ace of a ccUcite eryaUd, The remarkably 
uniform crystallisation of the calcite in echinodermal remains, 
whether teste, spines, calyxes, arms, or stems, enables one to 
pick out these bodies upon fractured surfaces of limestone. The 
cleavages are as perfect and continuous as in calcite crystals, as 
may r^uiily be seen in the tests of the numerous echinoidea of 

* ''On the MinenJogioal Constitiitioii of Caloareoas Organisins.'* Cfeol, 
Mag., 1888, p. 66. 

tSollas, *'0n Sponge Spicnldi, ko,," Jcum, R, OeoL 8oc IreUmd^ yol. 
▼ii., p.46. 
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the Chiilk or in the steins of Carboniferous crinoids. Other shell* 
structures, like the pearly folia of the oysters or the Hbrous 
fractured surfaces of Inoeercvnws^ can be characteristically recog- 
nised on rough sur&ces of limestone. Pseudomorphs of the 
fossils in carbonate of iron, silica^ hsBmatite, d^a, are by no means 
uncommon. 

n. While shell-sections can be wel] studied with a lens in 
quarries of fossiliferous limestone, the microscope affords much 
material for careful obseryation. The recognition of the various 
organisms is naturally difficult in sections, and recourse must b» 
had to the solid types in the rock-specimen itsel£ Foraminiferay 
as in chalk, suggest their presence by the multiplicity of their 
chambers and 1^ a number of detached thin-walled circular 
sections. The slides should be of large size, and sections are then 
sure to occur which pass conveniently through certain forms and 
reveal the true relations of the chambers. In Oretaceons chalk 
there are the curved forms, like scimitars, of larger shells, more 
transparent than the calcareous mud that forms the ground- 
mass ; and occasionally the rectangular fibrous sections of 
fragments of Inoctrwaun lie scattered through the slide. 

When chalk is carefully broken up and washed, as in a muslin, 
bag under a flowing tap, the foraminifera may sometimes bo 
extracted solid, and can be mounted as if they were part of a 
modern ooze. By rubbing up with a tooth-brush, a fine white 
mud is produced, which shows abundant cocooliths, like those of 
existing seas, when examined with a i-inch or ^inch power. 
This process of separation is sometimes naturally performed in 
the fine detrital mud to be collected at the base of chalk escarp- 
ments, {fif. Chapman, Froc, Oed, Assoc, vol. xvi, 1900, p. 268.) 

Sections of chalk are by no means difficult to prepare, but 
must be finished without emery and with a delicate hand. The 
harder beds that occur at certain levels may conveniently be 
chosen for this purpose. 

In some sections of chalk, as in specimens from the Chalk- 
Bock and Melbourn-Bock (the upper and lower limits of the 
British TuronianV the fact that the bed is partially constructed 
of fragments derived from earlier layers is well displayed and 
has an important stratigraphical bearing.* 

Sections of shelly limestones parallel to the stratification and 
perpendicular to it will naturally present very different char- 
acters, and will, in cases where weathered 8ur£Eu;es are not 

* See Prof. Jadd, " Jorassio Depotits under London,*' Quart JmcnL 
QtoL 8oc, vol. zL (1884), p. 733 and plate zzxia Alio Hill and Jokes- 
Browne, ibid., ToL xlii (1886), p. 229. 
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available, be of service in determining the true forms of the^ 
embedded fossiU. 

The material between the fossils and filling their cavities is 
found to be a detrital mud ground from d^ell-fragments, or 
distinctly crystalline calcite which has gradually developed. If 
carbonate of lime forms minate crystals even in ordinary 
chemical precipitation, the occurrence of weU developed granules 
in sections, with characteristic signs of cleavage and twinning,, 
must not be taken as evidence of extreme metamorphism, but 
rather as the natural accompaniment of the consolidation of the 
mass. 

Coral-Limestones. — Scattered corals occur in many shelly lime- 
stones; but occasionally the branching or astnean types build up^- 
reef-like masses among ordinary sediments, enclosing the coral- 
detritus accumulated on their fianks, together with many remains- 
of the organisms of the external sea. These coral-limestones can 
be well studied in polished surfEices, which often, by contrasts of 
colour, show more than thin sections, in which the crystals of 
calcite, in the walls as well as in the interstices, obscure the 
definiteness of the outlines. 

In some altered masses, as in the Dolomite Alps of Tyrol, the 
corals have been very largely removed by solution, having con- 
sisted of aragonite, and the reef-like character of the limestone 
is not at once apparent until its physical and stratigraphical 
relations have been worked out in the field. 

Limestones formed by Calcareous Alg». — The importance of 
the corallines, in coral-areas or forming independent banks, makea 
it possible to find beds of limestone in which their remains are 
abundant. In hap-hazard sections their elongated cells, in rows 
one above the other, may be taken for polyzoan or coralliaa 
structures. The LMotfuxmnium^heds of the Vienna basin are 
an example. As will be seen below, many oolitic deposits have 
been claimed as of algal origin. 

Pisolitic and Oolitic Limestones. — I. Treating the first-named 
of these as merely a coarse variety of the second, these rocka 
have the following common characters. On weathered surfaces,, 
and on fractured surfaces of most mesozoic and later types, 
distinct ellipsoidal and spherical bodies are visible, usually 
forming the bulk of the rock and of the same pale colour as the 
groondmass. In chemically altered types they become darker 
than the interstitial matter, appearing brown, red (Clifton), or 
black (Himant limestone). With the lens, concentric structure 
about a compactor nucleus is frequently clearly seen; the nucleua 
is often a fragment of some fossil 
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In pisolitio limestones these bodies are irregularly ellipsoidal 
And often flattened, and even resemble thick nnmmolites in 
some examples. 

The oolitic grains formed among the modem coraJ-reefiB of the 
West Indies, or in the great Salt Lake of Utah, and studied by 
X>e la Beche,* Borbj, and others, are doubtless comparable to 
the components of the oolitic rocks that occur among the 
formations of all ages. 

It may happen that the original structure of a limestone u 
entirely destroyed by crystallisation. Even then its former 
character may be detected in the chert-bands that developed at 
an early period in the mass. Thus the chert of the Assynt 
limestone at Stronechrubie, Sutherland, preserves in the most 
•exquisite manner the oolitic structure that doubtless once pre- 
vailed throughout considerable masses. 

II. In section the oolitic grains show a delicate concentric 
structure, with occasionally, in addition, a radial grouping of 
the components. The central ovoid nucleus is often large in 
proportion to the grain, and is a fragment of some fossil, a 
foraminifer, a sand-grain, or, very commonly, a rounded detrital 
lump of limestone-mud on which the concentric layers have 
accumulated. Ma^y sections of the grains show no nucleus, the 
central portion not being included in the thickness of the slide. 

Mr. E. Wethered t has noticed in the grains of the pea-grit of 
Cheltenham, and in a bed from the Oxfordian of Osmington in 
Dorsetshire, that the concentric layers are filled with minute 
tubules, which are "remarkable for the extraordinary vermiform 
twistings which they exhibit.'' These may be seen with a ^-inch 
objective, and are certainly strongly suggestive of an organic 
origin. The same author has carried on the investigation to 
ordinary oolites, and shows | that the grains of these also abound 
towards the exterior in convoluted tubular markings. Such 
delicate tubes are also clearly seen in sections of the West 
Indian graina They have since been shown to be, in some 
cases, due to the borings of algte, such as penetrate many shells. 
(See Quart, Jowm, OeoL Soc^ vol. xlvii., p. 367, and Bomet and 
Flahault, BulL Soc, Botaniqys de France^ t. xxxvL, p. 147 ; also 

* Otological Observer, 2nd odition, p. 106; O. K. GUbert, *<Lake Botme- 
ville," Monograph i, U,8. Oeol, Surv., p. 169; Rothplets, abstract in Neuet 
Jahrh./Ur Min,, 1896, Bd. i., p. 307 ; ic 

fOeol, Mag,, 1889, p. 196; tOso Quart, Joum, Oeol. 8oc,, voL li.,p. 196; 
Harris, Proc, Oeol, Assoc,, vol. xiv., p. 59; and Teall, "Jurassio Kock%" 
vol. iv., Oeol, Surv, United Kingdom, p. 8. 

XQiM^' Joum, Oeol, Soc, voL xlvi. (1890). 
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Jfcttwre^ YoL xliii, p. 185). It cannot yet be considered aa^ 
proved that filiform algee directly originate the oolitic grains, 
though their adhesion may aid further deposition of oalcinm 
carbonate. 

Spheroidal calcareous concretionary deposits occur in some- 
springs, as in the well-known Sprudelstein of Carlsbad. These- 
in section appear rather more uniform in structure than the- 
ordinary oolitic grains. 

With crossed nicols oolitic grains give a black cross, due either 
to a tangential or radial arrangement of the constituent prisms.^ 
If we can ascertain by ordinary tests that we are dealing with 
calcite or with aragonite, the direction of vibration for the fastest* 
ray in the components, as given by the quartz wedge, will suffice 
to show in which direction the longer axes of the little prisms 
point (see p. 156). Thus on pushing in the wedge at 45* to the 
vibration-planes of the nicols, the oolitic grain will be divided into 
four coloured sectors shading into one another. If compensation 
occurs in the two sectors which lie along the longer direction of 
the wedge, the vibration-directions of the fastest rays are radial ; 
if in the sectors that lie across, they are tangential. Hence we 
conclude as to the relations of the prisms to the spheroidal 
a§^regate, when the grain, as is usiudly the case, consists of 
calcium carbonate. 

But the common ellipsoidal type of grain gives us a quicker 
mode of determining this interesting point. To this matter 
reference has been already made when treating of aggregate 
polarisation (p. 149). If the elliptical section is set upright or 
horizontal in the field, the arms of the black cross are parallel to 
the vibration-planes of the nicols ; if the grain is built of radial 
prisms, the cross is undisturbed on rotation of the stage ; i( on 
the other hand, the components lie tangentially, as is so commonly 
the case, the arms approach and recede from one another during 
rotation. 

Mr. Sorby has shown how oolitic grains recrystallise within^ 
and form aggregates of calcite granules, all structure but the 
outer form being lost. The grains, probably from their being 
composed of aragonite, easily become altered, and are often 
stained iron-red in section, or are black with pseudomorphic 
infiltrations, while the groundmass of calcite granules remains 
clear. The oolitic ironstones of Cleveland and Northampton, 
where the grains consist of carbonate and oxide of iron, have- 
been shown to result from the alteration of ordinary oolitic lime- 
stones. 

Silica plays some part, however, in this series of chemical* 
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«haag;es. On tj-eating snoh irotutoaes witli hTdrochloric acid, » 
very interesting skeletal residue of amorphous silica results, Uie 
Jbrms of the oolitic grains being accurate! j preserved.* 

Finally, the interstitial matter between the grains of oalites 
reaembles the grouadmoss of 
-ordinary limestones (see fig. 23). 
It is often converted into granu- 
lar calcite while the delicate 
structures of the grains are still 
preserved ; but ultimately, as 
above hinted, even the grains 

-may become merged into the ^^ 

slteriug gronndmasB. If con- 
verted, however, into ferru- 
ginous or silico - fermginoos 
-pseudomorphs, they are likely to 

be preserved through immense Fig.23.-Crn.hedoolitiolime.tone 
periods of change, and will pa«amg into acMst — MoQtieTm-tn- 
remain readily recognisable in TkrentaJw, Aim of Savoy, x 12. 
sections. '< CaJcite. n, Mioa in sl<mgBtod aod 

Dolomitlc Limestones Snd ^^tort^ foli*. «, Qa^rtB. Traces 
— , ,, T mi I I of oolitic strnotQis remAiD in bodm 

Dolomites.— I. These resemble ^^ ^^ limertoae fr«gin™t« ; othars 
ordinary types, but are liable we omnpwjter and almoal opsqao. 
to contain cavernous hollows 

and cavities of retreat, as. if the materials had shrunk during the 
process of chemical change. The specific gravity ia higher tban 
that of ordinary limestones, being about 2-8. Commonly the 
formation of dolomite in ordinary limestone spreads as a sort of 
dise&se in bands and patches, often resembling igneous veins. 
The iron that is often at the same time introduced colours the 
dolomite a faint brown, in striking contrast to the dark grey 
limestone round it. 

The well-known spheroidal ^gregates in the magnesian lime- 
«tone of Durham have been shown by Mr. Garwood to reanlt 
from the crystallisation of calcite within the dolomitic mass ifi^oL 
Mag., 1891, p. 433). 

The non-e^ervescence of tme dolomite with oold acids may 
cause mistakes on hurried examination. The hardness, however, 
is only a little above that of calcite limestones. 

IL The microscope shows a greater prevalence of the rhombo- 
bedron among the crystalline constituents than is the case in 

* See Jndd, Jftmotn oj Otoi. Sarvti/, "Geology of RntUad," pp. 117- 
I3S; uid BndleatoD, "Geological HistDr; of Iron Urce,"iVoc Geoi.Atm>e^ 
voL zi., pp. 123, 125, &0. ^ilober, Gtol. Mag., 1BB2, p. 114. 
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ordinary limestone. The metamorphosed highly crystalline 
dolomites will be treated later. 

Brecdated Limestones. — Owing to the yielding nature of the 
rock, these types are fairly common where earth-movements 
have taken place. The cracks become filled with caldte. By 
development of mica along surfaces of movement, they pass over 
into the metamorphic '' (^Ic-schists " (fig. 23). The den>rmation 
of fossils in such rocks, or their redaction to mere mineral 
fragments, affords a most interesting field for observation. 

Limestone-Conglomerate. See Section IX 



V. Boini-BBDs AHD Phosphatio Dbposits. 

The fragments of bone have nsoally become rich dark-brown 
or grey-black, and have a characteristic lustre. Associated with 
them is concretionary phosphate of lime, which forms nodules 
round them and disguises their outlines. Some phosphatic 
deposits consist of black casts of fossils, mingled with irregular 
concretionary lumps. All cases can easily be tested chemically. 

" Coprolitic deposits " are often wrongly so called, consisting 
in reality of concretionary and septarian nodules. 

When fossils have become preserved in a bed by the infil- 
tration and segregation of phosphates, they resist ordinary 
physical disintegration, and are again and again found as 
derived fragments in formations of later periods. 



YI. Books Dbpositbd fbom Solution. 

We have mentioned above the piBolitic deposit of aragonite 
occurring around sand-grains, kc, in some hot springs, and it 
remains probable that the oolites may also be referred to this 
division. 

Stalactites and Stalagmites, accumulating slowly where water 
emerges after passage through calcareous rocks, commonly show 
a crystalline structure to the eye. It may seem unnecessary to 
caution the student against mistaking poliJBhed sections of stalac- 
tites for fossil wood, but the error has been sometimes made, 
especially when the material is not carbonate of lime, but some 
darker mineral like the brown barytes of Derbyshire. The suc- 
cessive layers in some stalactites, and in most stalagmites, are 
well marked on broken sur&ces, and the mode of deposition can 
be clearly appreciated from this structure, from the form of 
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stalactites, and from the characteristic mammillated sunacea of 
stalagmites. 

Travertine, consisting of carbonate of lime deposited upon 
twigs, leaves, Ac., in streams, often contains relics of vegetable 
matter, or casts of such materials appear when the consolidated 
mass is broken open. Mr. Sorbj observed that even in traver- 
tine the little calcite crystals were sometimes deposited with 
their principal axes perpendicular to the twigs round which they 
formed. Travertines are characteristically pale in colour, being 
opaque white, brownish-grey, or slightly tinged with orange where 
iron oxides are more abundant. 

The above deposits must be distinguished by the use of acid 
from the rarer but parallel siliceous forms, since the friabilily of 
many siliceous sinters prevents the estimation of their hardness- 
with the knife. 

Siliceous Sinter. — This is the deposit of some geysers and hot 
springs, and often forms pure white fragile crusts and stalagmitic 
accumulations of amorphous silica. By slow changes these pass 
into chalcedonic types. The siliceous sinter of geyser-basins baa 
been stated to be deposited most rapidly where alg» are present 
in the water, and to be due to a direct action of these alg»^ 
(Weed, Ninth Ann, Report U.S. Geol. Surv., p. 650): 

The colour of sinter passes into grey, faint brown, or evea 
pink, as in the famous terraces of New Zealand, now destroyed. 

Gypsum (Alabaster). — I. This rock is also generally white, with 
a compact structure, semi-transparent, and resembling some pure 
crystalline limestones. The glancing surfitces of the calcite 
cleavages in the latter are represented in some coarser alabasters 
by the clinopinacoidal plates of the gypsum crystals; but as a. 
rule the mass is more compact. The hardness is only 2, and the 
thumb-nail thus distinguishes the two types of rock. The white 
powdery surfaces of gypsum when struck by the hammer re- 
semble those of crystalline limestone. 

The specific gravity is another excellent test, being only about 
2*32. The rock does not effervesce with acids. In the field the 
whiteness of the rock, as it appears in bosses through the soil, or 
gleams high up among mountain-masses, is a feature that attracts 
attention at a distance even of miles. The comparative purity 
of massive gypsums prevents their weathered surfaces from being 
masked by products of decomposition. 

II. With crossed nicols the low polarisation-colours of gypsum 
are seen. The crystals are granular and in contact, with well- 
marked cleavages. 

Bock-Salt — The characters of this rock may be seen from the 
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account of the mineral on p. 75. On solution in water, an 
earthy and often fermginons residue is left, which may repay 
examination. 

Some ironstones should he placed here, heing loose earthy 
brown deposits formed hy the breaking up of the dissolved salts 
of iron in the open waters of lakes. 



VII. Segbeoativb akd Pseudomorphio Rooks. 

Concretionary Limestones. — ^These may be expected in the 
form of nodular masses in calcareous clays, often septariform, 
i.e., cracked up subsequently and reoemented by infiltrations of 
crystalline minerals. Fossils should be looked for in such 
nodules, since they may there be well preserved, having, indeed, 
given rise to the concretion by supplying a centre of the same 
material as that in process of segregation. 

The fact that the lines of bedding pass through concretions, 
and are not thrust aside by their growth, shows that the action 
cements together the particles of the rock with a new material, 
or actually replaces them by a pseudomorphic product of segre- 
gation. 

Gone-in-cone Straotore. — ^This is a fairly common structure in 
rocks composed of carbonates, and, indeed, in any material 
capable of radial fibrous crystallisation. The material seems to 
consist of a number of funnel-shaped forms fitting into one 
another, some of the resulting compound cones having their 
apices downwards, and some upwards, in the same bed of rock. 
Under the microscope, films of dark impurities can be seen 
between the successive crystalline '' funnels " composing the com- 
pound cone. The whole structure evidently results from radial 
fibrous crystallisation, and a struggle to get rid of the impurities 
amid which the crystals are developinj^. These become pressed 
in between the coats of each compound conical crystal, and allow 
of their separation into successive hollow cones. (See Gresley, 
Geol. Mag.^ 1887, p. 17 ; Cole, Min. Mag,^ vol. x., p. 136 ; Bonney, 
ibid,, voL xi., p. 24). 

Ironstones. — L Many concretions consist of brown day 
ironstone, which effervesces with hot hydrochloric acid, the 
solution becoming coloured a strong yeliow. These nodules 
consist of carbonate of iron with brown oxide rusts. The 
"black-band" of the Coal-measure rocks is similar. Iron- 
stones very frequently result from the pseudouorphosis of 
some ordinary sedimentary rock, though some arise from de- 

14 
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position as bog iron ore, and others are merely cemented 
sandstones. 

By the breaking up of concretionary carbonate of iron, con- 
centric coats of limonite are formed in succession around each 
original centre ; where the rock is split up into cuboidal blocks 
by jointing, eaoh block on being broken open reveals towards the 
centre sections of concentric spheroidal surfEu^es, marked brown 
by the hydrated oxide, which is a stable product insoluble in 
water. As these surfaces approach the joint-planes, they con- 
form more to them, and the outermost coat is often box-like and 
well consolidated, protecting the interior from further action. 
Concretionary layers of limonite, with no apparent connexion 
with joint-planes, may be found in many sands, and serve 
to protect fossils that might otherwise have been entirely 
dissolved. 

The "pisolitic" iron-ores (more commonly "oolitic," on 
account of the small size of the grains) offer some points 
of difficulty. Some appear* to owe their structure to con- 
cretionary action set up at the time of deposition of the 
ore, others as certainly to the pseudomozphosis of calcareous 
oolite. One of the most perfect and beautiful examples of this 
structural type of ironstone occurs near Pont de BcAUvoisin in 
the department of the Isdre. In our older examples, such as the 
black ironstone of Tremadoc, a dehydration has taken place, and 
the rock resembles a heavy compacted shale, the specific gravity 
readily calling attention to it. The powder is attracted by the 
magnet. The oolitic granules are still recognisable. 

n. The oxidation and hydration of the ironstones make them 
fairly opaque in microscopic sections. Included sand-grains and 
shells become visible as transparent specks. The "pisolitio^ 
varieties of Wales show green oolitic grains full of granules of 
magnetite, the groundmass being almost opaque. The green 
colour may be due to silicate of iron, since a siliceous skeleton is 
left behind after boiling the grains in add.* 

Flint and Chert — I. These terms can be used synonymously 
for the concretions and beds of chalcedonic and amorphous silica 
found so frequently in limestones and sandy rocks. The char- 
acteristically uniform and often conchoidal surface of fracture, the 
semi-transparency of fhigments, and the hardness ( *- 7), are use- 
ful features in determination. Acids, moreover, have no effect. 

Nodular flints and chert-bands are found to follow the lines of 
stratification of the rocks in which they occur. They may also 

*Gole and Jenmnss, "The northern slopes of Oader Idris.** QmurU 
Joum, Otci, 8oc,, voL xlv. <1889), p. 420. 
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be looked for in ''tabular" forms along planes of jointing or 
fiftoltiag. In the Ohalk the white exterior of the flints is due to 
porobity on a microscopic scale, caused by the removal of the 
more soluble part of the chalcedonic silica. 

With the unaided eje, duller white patches are often seen in 
cherts and flints, which are the residue of chalk-mud, or of fossil 
forms, mainly sponges, about which the segregation has taken 
place. Fossils may be included without change, casts being 
formed of them, or their calcareous substance may be partly or 
wholly silicified, like the corals of the Portlandian in the west of 
England. In the Carboniferous limestone whole beds of chert 
occur, in which the fossils ^enorinite stems, &o,) are represented 
by mere empty moulds, having been dissolved away subsequently 
to the pseudomorphio replacement of the groundmass by chalce- 
donic silica. 

All cases of this kind deserve attention, and the knife must be 
kept ready to test any residual areas of carbonate of lime. By 
treating some of the remaining shells with acid, a partial re- 
placement may sometimes be found to have occurred, as in the 
/noctframiM-fragments in the Ohalk. 

While the actual chert-substance often appears homogeneous 
with the lens, in many cases opaquer rod-like bodies can be 
detected, and these are sometimes built up into the regular 
meshw<»rk of a siliceous sponge. In Ohalk-flints the former 
spicular structure is often represented by a red-brown pseudo- 
morph consisting of hydrated iron oxide, looking at the first 
glance like a mere stain running across the fractured surface. 

The cherts of the Hythe sandstones of Surrey and of the Upper 
Greensand of the Isle of Wight are full of casts of spicules easily 
discernible with the lens. Many of the former include sand- 
grains and glauconite to an extent that makes them referable to 
'* sandstone with siliceous cement." In some cherts, radiolaria 
are preserved, showing as minute dull white or grey spots on the 
fractured sur&ce. 

We have already seen, in discussing limestones, how original 
structures, lost in the mass of the rock, may be preserved in the 
cherts, which thus acquire additional importance. The actual 
origin of chert has been much discussed ; but there can be little 
doubt that its frequent occurrence accounts for the absence in 
older rocks of the siliceous skeletons of radiolaria, sponges, and 
diatoms, such as abound in existing waters. The relation of the 
cherts in any formation to such traces of these organisms as 
remain is a matter of considerable interest. 
The compact white siliceous rocks of Arkansas, called *' Nova- 
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calites," and used as whetstones, may be allied to flint rather 
than to sandstone. (See Rutley, Quart, Jatim, GeoL Soc,, vol. L, 
p. 377.) Much " Lydian Stone " or " Lydite " is black chert. 

IL Microscopic sections show colloid, cryptoorystalline, and 
<»rystalline silica often in the same slide, the crossed nicols 
proving that the general structure is chalcedonio. The polarisa- 
tion-effects are thus speckly, the general tints of the field being 
grey during rotation unless much quartz has been developed. 
Dr. Hinde* has described globules of colloid silica, about *03 
mm. in diameter (which from their forms are not silicified 
coccoliths), occurring in many of the sponge-beds that he has 
examined. The chalcedony also produces globular aggregates, 
giving black crosses between the nicols. The spicules of sponges 
are rarely preserved as colloid silica, but sometimes remain as 
aggregates of the little globules. Ohalcedonic silica partly or 
wholly replaces them, and frequently glauconite fills the canals 
and is left as a cast after their complete removal. Sometimes 
tlie spicule itself is replaced by glauconite. Radiolaria may be 
present, often as mere colourless circular areas of chalcedony, 
but showing, in fortunate sections, their reticulated mesh, or an 
inner globe supported within an outer one. 

The traces of foraminifera, shell-fragments, and indeed ail the 
structure of the adjacent limestone, preserved in chalcedonio 
silica, as may be seen in sections of certain flints, are good 
evidence of the actual pseudomorphosis that has occurred. The 
section should be cleaned from balsam and treated with acid to 
prove that the walls of the foraminifera, &e., have been truly 
replaced by silica. 

Similarly, the oolitic structure may be seen in flint, and must 
not be mistaken for the outlines of unicellular organisms. 

Pbosphatic Concretions, which generally M>pear rich brown in 
sections, have been touched on in division v of this chapter. 

VIII. Yegbtablb Deposits. 

The common characters of the Ooals that serve readily in their 
recognition are their very low specific gravity, their hardness of 
about 2, and their combustibility. 

Brown coal is a lignitic coal, sometimes laminated, of a warm 
brown colour. It is sectile and sometimes clayey, and does not 
soil the fingers. 

Common coal needs no description as to external characters. Its 

* <* On beds of spoage-remains hi the tonth of England." PML Tr€uu,p 
parfc ii, 1885, p. W, and plate 40, 
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specific gravity is about 1 '26, and it is also secbile. In some beds 
small black or browu disc-like bodies can be seen projecting from 
the fractured sur&ces, and lying in the planes of bedding. These 
are the compressed macrospores of the lycopodiaceous plants that 
flourished in the Carboniferous period, and appear in microscopic 
sections, taken across the bedding, as transparent orange ellipti- 
cal structures, while the opaque carbonaceous groundmass is rail 
of similarly coloured remnants of minuter spores. When cut 
parallel to the bedding, the circular form of the macrospores is seen. 

Anthracite has a more brilliant lustre, does not soil the fingers, 
is more brittle, and has a specific gravity near 1*4. The flame 
produced from it is very weiJc. 

To study the organic remains that have given rise to coals, we 
must examine the adjacent shales and sandstones, where the 
plants have been more isolated and not matted together into an 
indistinguishable mass. Similarly leaf-beds are not the best 
preservers of fossil leaves ; but exquisite examples may be found 
in the same series of deposits by a search among the underlying or 
overlying muds. Mr. Starkie Gardner's success in this matter at 
Ardtun in Mull has been due to the working of a bed resembling 
lithographic stone, rather than the crowded original leaf-bed. 

Diatomaceous deposits are friable light-coloured masses found 
in some lakes and also formed, in less purity, upon sea-floors. 
The delicate frustules of the diatoms, transparent and without 
effect on polarised light, must be studied microscopically with 
high powers. The rock, it may be noted, does not effervesce 
with acids. Fossil deposits of this kind are rare, through the 
destruction of the frustules by solution. 

We have referred on p. 203 to the calcareous deposits formed 
by corallines (nullipore-deposits), and on pp. 204 and 208 to the 
possible direct algal origin of oolitic limestone and siliceous 
sinter. 

IX. Mixed Coabsb Fragmbntal Deposits. 

Gravels, Pebble-Gravels, and Conglomerates. — The remarks 
made on grits and sandstones are applicable to these coarser 
rocks. The size of the constituent rock-fragments should be 
ascertained, as well as the degree of rounding. Considerable 
variety in the nature of the constituents is to be expected in 
these accumulations in mountain-streams or on coarse beaches, 
since the materials have travelled a comparatively short dis- 
tance, and the weaker members have been often fortunately 
preserved from further trituration. Thus the magnificent 
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Nagelfliih aocumnlations that accompanied the earlier develop- 
ment of the Alpine chain contain a rich store of rocks from the 
ridges then raised above the sea, some of the most interesting 
beds being composed of pebbles of compact grey limestone. 
The red conglomerates, again, that fringe the £. Devon coast 
preserve for us abundant relics of the volcanoes that were built 
up around Dartmoor in early Mesozoic times, of which in most 
cases only the deep-seated portions remain in situ. (Compare 
fig. 44.) 

The alteration of rocks in loose gravels easily permeable by 
water often makes collecting unsatis&ctory, and warns one that 
the solid old conglomerates may not always tell us the whole 
truth. Thus on the Surrey Downs white soft bodies occur in 
late Tertiary gravels; these resemble chalk and can readily 
be used for writing on a blackboard. But they contain do 
appreciable quantity of calcium carbonate, and are in reality 
completely broken down flint pebbles, rendered opaque white, 
like the surfaces of flints in chalk, by the dissolving away of a 
large amount of silica. 

The examination of rock-fragments in these coarse accumular 
tions, in the hope of obtaining fossils, requires patience, but is 
in the end a fruitful study. The flints so widely scattered in 
Britain contain abundant casts of Cretaceous fossils, thus proving 
their origin ; and the Silurian forms in the Triassic pebble-beds 
of Budleigh Salterton have been the subject of memorable in- 
vestigations. 
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CHAPTER Xli 

IGNEOUS BOCKS. 

The study of the igneous rocks has become unfortunately so 
involved in the question of their nomenclature, that it is 
impossible to give an outline of the characters employed in their 
discrimination without a statement of the sense in which each 
|>articular name is used. All these names represent groups of 
rocks graduating into one another, but certain types can be kept 
clearly before the mind. When a rock is on the border-line 
between two groups, whether in structure or mineral consti- 
tution, we must be content to say so, without attempting to 
disguise natural facts by our classification. Petrography has of 
late suffered from the introduction of an abundance of new terms, 
and, what is far worse, of old terms defined in new senses ; but 
the majority of these can be avoided by the use of &miliar adjec- 
tives or mineral prefixes, to the great lightening of the science.* 

So long as a rock is holocrystalline, its position in any scheme 
that we may draw up can be fairly ascertained from slices 
prepared from various parts of the mass ; but when part of the 
constituents remains in a glassy condition, nothing short of a 
chemical analysis, preferably of the glass apart from the crystals, 
will give us accurate information. When, then, we speak of a 
rock rich in glass, the name we assign to it is of less value than 
that given to one in which the glass is insignificant. 

Here the field-observer at once possesses his great cbdvantage. 
He collects from all portions of the mass in question, notes its 
variation from point to point, observes any tendency to segrega- 
tion that may have occurred during cooling, and reconciles ap- 
pearances and structures that would have seemed contradictory in 
isolated specimens. ^See Teall, NaPwral Science^ vol. i., p. 297.) 

The following-out tnus of an igneous rock in the field is a most 
important lesson, and will soon determine what is valuable and 
what is valueless in any proposed scheme of classification. Next 
to the variations in the mass itself, come its relations to its 
surroundings, and here the geological agents conspire again 
and again to baffle the observer. On sea-coasts the bare 
exposures occasionally equal in clearness the well-known text- 

•On the classification of igneous rocks, see A. Harker, Sci. Progress, 
voL iv. (1805-6), p. 469 ; Iddings, Joum. of Geology, voL vi. (1898), p. 92 ; 
and especially LcBwinsson-Lessing, " Studien iiber die Emptivgesteine," 
CompU rendu, Cfongr^ giol. intemcU,, St. Petersbourg, 1897, pp. 193-464. 
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book diagrams ; but on grassy slopes, or the high talnses above 
them, the junctions of an igneous rock -with other masses are 
exceedingly likely to be obscured. The difference of hardness 
and consistency that commonly exists tends, moreover, to produce 
faulted junctions where igneous rocks abut on sedimentary; 
breccias of the latter or of both arise, and the intrusive veins or 
the products of contact-metamorphism, which might have told so 
mudi, are disappointingly broken away and rendered useless. 
This perhaps maxes the search among our older areas the more 
absorbing ; but unquestionably study should commence among 
Tertiary volcanoes, where denudation has exposed the various 
masses without destroying their continuity and connexions. 

Although the actual margin, the selvage, of an igneous rock is 
likely to be much decomposed, yet specimens should always be 
collected from it, since here lies often the only chance of obtain- 
ing glassy or partly glassy products. As we pass inwards, the 
more crystalline types of rock are met with. At the same time 
the specific gravity of our samples rises ; and that of the most 
crystalline type will give a fair notion of the silica-percentage of 
the mass. Here we must be on the look-out for the included 
foreign masses that often occur in crystalline rocks. If such 
patches are numerous, we must take them into account when 
discussing the composition of the igneous mass. It wiU be 
interesting to trace how far the igneous rock has become 
modified by the complete absorption of foreign matter as it 
moved forward. It is highly probable that the igneous rocks of 
the inner layers of the earth's crust are of simpler composition 
than those that we meet with in the outer layers, and that the 
latter owe many of their characters to repeated intermixture. 
Quartz-rock, orthoclase-rook, ^., are admissible as simple ty|)e8 
of igneous rock. Iron-nickel-rock, a still simpler type, is already 
familiar to us in meteorites. 

Igneous rocks may be broadly divided into holocrystalline on 
the one hand, and partly or wholly glassy types on the other. 
They cannot be classified according to their mode of occurrence, 
since a thin dyke, cooling quickly through the contact-rocks, may 
reproduce all the features of a glassy lava-flow; while the centred 
parts of a thick mass of lava may become ultimately holo- 
crystalline. It may reasonably be concluded, however, that a 
coarsely crystalline specimen has come from some source original ly 
deep-seated ; beyond this the appearance of hand-specimens may 
be deceptive, since even the scoriaceous structure, often insisted 
on as a character of lava-flows, is again and again found in 
intrusive sheets or dykes. 

Of course cases must occur where minute traces of glassy 
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matter remain which can only be detected in thin sections ; on 
the other hand, the compact and lava-like groundmass of some 
rocks may prove to be completely crystalline under the micro- 
scope. By Cordier's method of the examination of a powdered 
rock under the microscope, the intimate structure of the ground- 
mans can often be better determined than in a thin section, the 
translucent and smaller fragments being of course selected. 

The rocks now to be discussed are well-marked types, between 
which all manner of links exist in nature ; and to nnd names for 
such links is practically an endless task. We shall content our- 
fielves with assigning names to these simple types, using such as 
appear most international, and quoting synonyms where this 
seems to be absolutely necessary. The divisions I. and II. refer 
as before to megascopic and microscopic observations respectively. 

A. Holocrystalline Bocks. 
I. Granite and Euritb Group. 

These are the typical acid holocirstalline rocks, there being 
an excess of siMca, which manifests itself as free quartz, though 
often on a microscopic scale. 

Granite. Structu/re — Granitia Constituents — 1, Quartz ; 2, 
Orthoclase or other potash-felspar ; 3, Mica or Amphibole. 
Barely Pyroxene. Commonly some Plagioclase (Albite or Oligo- 
•clase). 

I. The clear glassy granules of the quartz, devoid of cleavage, 
are easily distinguished ; musoovite may be present, though 
rarer than dark micas ; the dull edges of biotite crystals often 
resemble fibrous hornblende, but the lustre of the basal planes 
will easily serve to identify them. 

The felspar, on which the exact determination of the rock 
-depends, must be closely scrutinised, and the simple twinning of 
orthoclase looked for. This will often be fully apparent on 
particular surfaces of the rock, and not on others, owing to the 
position adopted by the large and somewhat tabular crystals, 
which lie with their clinopinacoids in planes fairly parallel to one 
another. Any differences between the porphyritic felspars and 
those of the granitic groundmass must be noted, flame-tests 
being here most useful. Plagioclase may always be expected, 
and the orthoclase may contain much soda. 

Specific Gravity, — Rather above 2*66. 

Typical AtMiyaes. — A. Wellington Inn, Newry, Ck>. Down. With green 
Mica. Hanghton, Quart. Jcum, Oeol. Soc^ vol. xii. (1866), p. 199. 

B. Gready, ComwaU. light and dark Micas. J. A. Phillips, Quart 
Joum, Choi, Soc.t vol. xzxvi (1880), p. 8. 

C. Syene, Egypt With OligoolaBe, daik Mica, and some Homblender 
Sheerer, 1866, quoted in Roth's BeUrOge vwr Petrographie, 1869, p. zItL 
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n. While the general ap- 
pear&nce of the constituenta 
under the microscope ia irreg- 
ular and allotriomorphio, the 
felspara often preserve tfaeir 
prismatic forms, and the mioa 
and hornblende show still bet- 
ter traces of bounding planea. 
The quartz is, however, grann- 
lar, and conunonlj abounds in 
liquid enclosures. The ground 
ma^ be composed of micropeg- 
matitic quartz and felspar. 

Two or three sections may ng. 24. — Gnnile. 



Near Dablm. 
I, Du-k Mica, with deep 
brown petchee inclnded. m, 
Mnaoovite. Near the top of the 
field a heiagODsl [basal) aec- 
tioa oocnn. o, Orthoclaae. q, 



be required to determine the 
relative proportions of ortho- 
olase and plagioolase. A large 
series of rocks known familiar- 
ly as granites must be passed 
over to the quarts diorites, 
having, indeed, but little potash in their oompontion. Where 
muscovite is present orthoclase may naturally be expected to 
be predominant. 

Magnetite is not oonspiouone. Zircon and apatite are common, 
aa minerals of early development in the rock ; the minute priuni 
of zircon are best seen where included in the micas. Sphene and 
garnet are frequent accessories. By alteration, tourmaline and 
topaz come in, the former replacing various silicates, and the latter 
representing in particular the felspars. Fluor-spar and secondary 
quartz, often with good outlines, accompany these changes. 

Varietiet of Oranite. — Qiukitb with hitoh flaoioojusb, and 
with biotite or hornblende. This is the "Granitite" of G. Rose; 
Bosenbusch, however, uses "granitite" for any biotit^-granita 
Sen analysis C. 
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TousiCAi,iiiK-GBA]nTB. — The smaller oonstitaeata becoio« 
entirely replaced by tonrmaline, blue or brown in section, and 
by secondary quarts, the porphyritic felspars often retQaininB onlj 
sUghtly attacked. " Lnxnllianite " is one variety of snob Mtered 
gr&nites, and oommon qnartz-sohorl-rcKsk is a final stage. 

Obsibes is a Bomewhat nncommon ally of granite, in which 
felBparU^^bBent. Topaz, howBTer, aboondi in the typical rock 
from ^nnwald, Saxony, and probably represents altered alum- 
inona silicates. The other constituents are quartz and a pal» 
mica, often » lithia-bearisg species. 

ApLiTs(RetE; more correctly Haplitb ; Alaskite of Spnrr, 
eOA Ann. Sep. U.S. Survey, p. 189).— Practically composed of 
qoartz and orthoclase only. Commonly pale in colour and fine- 
gr^nad ; often mioropegmstitic Flakes of muacovite glimmer 
bere and there. Occurs often as veins in granite, and even forms 
conaiderable rock-masses. The silica rises to at least 76 per cent 

Obaphio Gbajtitx (Pkohatitk of Haiiy*). — The later and er- 
roneous extension of Haiiy's term to any coarse mnsoovite-granite 
oocorring in veins neceositatea a return to the deaoriptive name 
"graphic granite." I. The 
rock is oommonly a coarse 
apUte, mica occurring here 
and there in nests and 
bunches, being excluded 
from the parts that exhibit 
the typi«tl struotnre. To 
the eye the continuous 
cleavi^es of the felspar are 
easily apparent, the quartz 
being apparently in de- 
tached fi^gments, Fesem- 
bliug eastern characters, 
embed ded in the opaquer fel- 
spar (vq^/MEr a). Sometimes 
band-specimens of the rook 
cleave as if composed mere- 
ly of coarsely developed fel- 
spar. The lens often shows 
a microcline stm ture. 

n. The felspar is usually 
microcline, showing the 
cross-twinning {fig. 3fi, a); 
Uie section should be 
tiiialy ground. The quarts 

* ZVtwM de Mintraiogie, ^dAk edit,, tona-Iv., p. 438. 



Stanner Bocs, HarefordshiM. 
XicoU eroiatd. Clear quarts ; mioro- 
olina with ohaiscleriitio twinning. 
b, UioroMEmatitia intergrowth «f 
□iuirtzuidiBbur,lnBDrit«. Stanner 
Kock, Herefordahire. x 160. KkoU- 
The felspar ia in a position 
tioD. Other miarapegma- 
titio areM mud telapar oryitsla lia 
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between crossed nicols appears optically continuous over con- 
siderable areas, being in fact intergrown in large crystals with 
the felspar. The hook-like forms of the quartz come oat 
distinctly if the surrounding felspar is placed in a position of 
extinction. 

Orbicular Granitb. — A rare form, in which the minerals 
are grouped into bold crystalline spheroidal aggregates, usually 
coated outwardly with dark mica.* The relations of the spher 
oidal part to the mass of the granite, and any £M$ts bearing on 
the origin of the structure, should be carefully noted in the 
field. 

Eurite. — This name, given by d'Aubuisson f in 1819, seems to 
cover admirably by its original definition the fine-grained and 
compact forms of granite, known commonly in England as 
" Quartz-Felsite " and on the Continent as " Microgranulite,** 
" Quartz-Porphyry," <fec. The old " petrosilex " and most of the 
"compact felspars" and "homstones" must come under eurite; 
also the Cornish "el vans" or "elvanites." "Felsite* is so 
loosely defined by its originator, and is so differently used by 
different writers, that its reputation as a rock-name is lost. 

It must be remembered that the " quartz-porphyries " of the 
Continent are in large part altered rhyolites; those divisions 
described by Rosenbuschas "microgranites" and "granophyres" 
correspond, however, to eurite. 

Structure. — Essentially compact in appearance, and micro- 
granitic with the lens. Commonly with porphyritio orthodase 
and quartz. ConstittterUa — Like granite. 

I. Colour pale as a rule, but occasionally deep grey or red- 
brown. Commonly yellowish or pinkish-brown, or pale grey. 
The knife scratches fresh specimens with difficulty, and the most 
compact varieties resemble flint. The joints are clean, and the 
sur£Ekces often have hard white decomposition-crusts. Without 
the microscope it is impossible to separate hand-specimens of 
true eurites from acid lavas that have become holocrystalline by 
secondary devitrifi(»>tion. 

The porphyritic quartz that is so often seen is a good guide as 
to the highly siliceous character of the rock. It sometimes 
occurs in well-bounded double pyramids with a short pnsm, as 
in the rock of Auersberg in the Harz. Tourmaline appears 
sometimes in radial nests as a secondary product. 

* For an aoooimt of one of these rocks see F. H. Hatch, <* On the spheroid- 
bearing granite of Mullaghderg," QuaH, Jown, OeoL Soc, voL xliv. (188S), 
p. 648. 

t TraiU de Oeognosie, tome ii., p. 117. 



H0L00BT8TALUNB IGKBOUS BOOKS. 



221 



Specific Gravity, — About 2 '65. 

Typical Analyses, — Theoretically, every granite should have- 
its corresponding eurite. The proportion of soda often links 
these rocks with the quartz-aphanites. 

A. Fine-ffrained *< Elvan." Mellanear, Cornwall. J, A Phillipe, Qwjurt, 
Joum. Qtd, Soc,<, vol. xxzi (1875), p. 335. Mica. 

B. Moena, TyroL Scheerer, quoted by Roth, BeitrOge zur Petrographie, 
1869, p. U. 

C. Soda-Eurite. Llyn-y-(>ader, Gader Idris. Holland, Quart, Joum^ 

Otol. 8oe.^ 1889, p. 435. 
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IL The groundmass is microgranitic and often micropeg- 
matitic. The quartz and felspar are not unfrequently grouped 
in micropegmatitic intergrowths of spherulitic form around the 
porphyritic crystals ("granophyre" of Rosenbiisch) — ^fig. 25, b. 
All stages appear to exist between these aggregations and 
fpherulites with rays composed of crystalline fibres. Some 
types of altered spherulites in devitrified lavas are, again, in- 
distinguishable from these holocrystalline aggregates in the 
compacter eurites ; but, as a rule, the structures are distinct 
Careful observation will show that where such an aggregate- 
growth occurs round a quartz crystal, the quartz of the micro- 
pegmatite is in optical continuity with that of the crystal 

The porphyritic crystals are often well bounded. The quartz- 
thus shows pyramidal sections, and is less corroded than in the- 
rhyolites. Cracking and breaking of the porphyritic crystals 
are, however, common, since much movement may have taken 
place in the groundmass. A fluidal structure is occasionally^ 
set up. 

The ferro-magnesian constituent is commonly biotite, often 
giving wisp-like yellowish sections. It is of little prominence- 
compared with the quartz and orthoclase. Muscovite occurs in 
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many Oornish ** el vans," and forms at times little ianlike 
bunches. 

VarieHea of £urUe. — Euritb rich in Soda (Soda-Eubite). 
This includes very many of the micropegmatitic types above 
referred to ; many of the porphyritic felspars are albite or oligo- 
<;lasey and the rock is linked thus with the quartz-aphanites. 
Bosenbusch's "Quartz-Keratophyres" come here. See analysis C 

IL Stbnitb and Compact Sybnitb Gboup. 

Th^ complete or almost complete absence of free quarts, and 
the predominancu of orthoclase, are the distinctive characters of 
this group. 

Syenite (Werner). — Structure — Granitia GofutUuerUs — 1, 
OrtJioclase, or other potash felspar; 2, Amphibole, Pyroxene 
(usually SBgirine), or Mica. Commonly some quartz ; also albite 
or oligodase. 

I. This rock is rare as compared with granite and quarts- 
diorite, and it must ofben be a matter of opinion as to how much 
•quartz is permissible in a true syenite. With the older writers 
the term was synonymous with hornblende-granite. 

The Mica-Syenites (or " Minettes ") contain biotite, often in 
abundance, and the da^k lustrous plates conceal the felspar in 
the fine-grained varieties, so that the flame-test or the microscope 
must be brought to bear to distinguish the rock from mica-diorite. 

Sphene may often be recognised, occurring as small hard 
yellow crystals. 

Specific Gravity. — ^About 2*75 or somewhat higher. 

Typitai Analyaea, — A. Plauenscher Grand, Dresden. Zirkel, Poggtni, 
Annalen, 1864, p. 622. Typical rock of Werner. Hornblende. 

B. Steile Stiege, Harz. Fucha, Neues Jahrhuch far Min., 1862, p. 81S. 
Much Hornblende (two- thirds of the rock). 

C. Elceolite-Syenite, Litchfield, Maine. BtUl, U.S. Oed, Surv,, No. 148, 
p. 65. With mica and sodalite. 
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IL Similar ta,gmiit«, bnt the qa»rtz mnit be inaisnifloMit or 
•bsent. In aome cases traces of pyroxene remain, the nomblende 
having arisen by 
/, paramorphic change; 

these residnal crystals 
appear as pale and 
nsnally greeDish areas 
sorronaded by irregu- 
lar EOnes of horn- 
_ blende. Bocks con- 

«* « sisting entirely of 

augite and orthoclaie, 
though certainly rare, 
moat be clssMd as 
f Augite-Syeirite, and 
such masBes probably 
underlie many tra- 
chytio volcanic areas, 
being altered into 
ordinary homblendio 
types by the time that 
FTg. 26.-Syraite. PUuensohw Grmd, Dw.- ^„ ^^ exposed by 
t^ ^- *^G•:~".'«;^nblBDd^ o, Ortlio<,U«, ^rth-moyement and 
itittsl qosrte. tp, Sphono, msi^ed ont by Iti denudation, 
high rafraotlT* indaz and lonoge - shapad Zircon and aphene 

«"•*•"* are particularly com- 

niDB ia syenites. 
Yariaiei of SyenUt. — NBPHKUi>B-8TKNiTs(EL£0LtTX-8TSinTB). 
L The nepheline, in the coarse elnolite form, resembles 
brownish or greenish quartz, bnt may be distinguished by the 
knife. The Tarieties with homblmde nave been called " Foyaite" 
from Foya in Algarre, and those with mica " Miascite ' from 
Hiask in the TJnds; but the well-known examples from the 
Bamle area are rich in soda-pyroxene. Zircon is common, and 
forma large yellow crystelfl in Uie coarve biotite-nepheline-syenito 
ofMiaak. 

A type allied to these rocks, bat of distinctly basic character, 
has been described by Prof LawtoQ as " Malignite " {Bvil. OeoL, 
Univ. of Cali/bmia, vol. i, p. 337) ; it consists of nepheline, soda- 
pyroxene, and apatite, with orthoclase enclosing them ophitically. 
lAWBon regards this ro^ as the plutonio representative of 
tbe lencititee of TesuTius; in hoth the silica is about 48 
per cent. 
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n. Some practice, and the observation of the uniaxial figure 
with convergent light, is needed to detect the irregular grains of 
nepheline (elsBolite) in these granitic rocks. The felspars often 
show a microcline structure, and are sodic types. Plagioclase is 
common. The ferro-magnesian silicates are interesting, being,, 
in addition to biotite, sodic forms of amphibole and pyroxene, 
the former being a rich dark brown colour and highly pleochroic, 
while the latter, distinguished by its cleavages, is commonly 
strongly green and less pleochroic. It is probable, however, that 
pure arfvedsonite and segirine are not Sequent even in these 
soda-syenites. In the nepheline-syenite of Ditr6 in Tran- 
sylvania ("Ditroite") blue sodalite occurs, which is colourless 
in section. Granular scapolite may also occur. 

Compact Syenite. — ^We may use this name for the fine-grained 
types corresponding to eurite, in the absence of any well-defined 
term. The " Orthophyre " of Ooquand* comes partly here, partly 
with eurite ; also many " felsites." " Orthoclase-porphyry '* has 
been used for porphyritic forms. 

Si/ruciv/re, — Microgranitic or microcrystalline. Sometimes- 
with porphyritic orthoclasa Constituenis — Like syenite. 

L These rocks are difficult to distinguish from eurite with the 
eye, though more yielding to the knife. Colour commonly 
reddish or pinkph in the varieties rich in felspar. Many *' Mica- 
traps '' come here, which are dark with lustrous mica ; these are 
the compacter " Minettes," and they pass into a group too poor 
in silica to be included under Syenite. This outlying group, 
with many of Rosenbusch's " Vogesites ** (see below), comes- 
under the ** Lamprophyres " of that author. 

Specific Oramity. — 2*7, but higher in the varieties rich in biotite, 
and approaching 2*8. 

XL Quartz must be carefully sought for and found practically 
wanting. The alteration of the felspars in many examples, such 
as the compact mica-syenites, makes even microscopic deter-^ 
mination difiicult ; but the flame test will give an idea of the 
amount of potash present. 

The absence of free silica prevents the development of micro- 
pegmatitic and the so-called " granophyric " structures, such as- 
are common in the eurites. 

The porphyritic orthoclase crystals, which are characteristic, 
often preserve their outlines well. 

^ Varieties of Compact Syenite, — Rosenbusch terms the varieties 
rich in soda "Keratophyre." Those with hornblende or pyroxene 

* TroaU dea Roches, 1857, p. 65. 
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form his "Vogesite." Varieties with nepheline, intermediate 
between nepheline-syenite and phonolite, have been observecL 
The nepheline in a red rock from the Yal Fiemme near Predazzo 
is porphyriticy and, though altered, shows its characteristic 
outlines. 



III. QUARTZ-DlORITB AND QUARTZ-APHANITB GrOUP. 

In this group of very common rocks there is free silica in 
the form of quartz ; but the fkot that the felspar is oligoclase 
or even labradorite keeps the total siUca-percenta^e below that 
of the granites. They come thus at the head of Prof. Judd's 
{fUermediate Igneous Eocks, 

Qnartz-Diorite. — SUructwre — Granitia ComtUuefnU — 1, Quartz; 
2, Plagioclase ; 3, Amphibole, Pyroxene, or Mica. 

L An immense number of the " granites " of commerce come 
under this head. The striation of the plagioclase and the 
absence of the twinning of orthoclase are noticeable with the 
lens. Otherwise these rocks resemble granite. The colour is 
generally grey, but red felspars may occur. The remarks made 
on the mica-syenites apply equally to the fine-grained Mica- 
Diorites, which mostly contain quartz. Dark-coloured quartz- 
mica-diorites from the neighbourhood of Brest have been named 
*' Kersanton," after a village so-called, and Delesse employed 
" Kersantite '' for varieties with amphibole or pyroxene in 
addition to mica, the types occurring in the Yosges. 

''Tonalite'' (vom Bath, afber Monte Tonale in Western 
T3rrol) is a quartz-biotite-diorite in which the minerals are well 
developed, the white felspar contrasting boldly with the dark 
bronze-coloured mica. 

There is no doubt that masses of quartz-diorite arise as 
products of admixture where granite intrudes into more basic 
masses. Any pyroxene in the latter is then liable to recrystal- 
Use in the new joint rock as hornblende. 

Specific Gravity. — ^Approaching 2"85 or even 2*9. 

Typical AncUyees. — The silica-percentage has been commented 
on above, these rocks falling short of the typical *' acid " group. 

A. '< Tonatite," Adamello Range, TyroL Vom Rath, Zeitsch. d. deuUch. 
OtU. Oesell., 1864, p. 267. Much Quarts. Both Hornblende and Biotite. 

B. QuartE-Pyrozene-Diorite, Vildarthal, Tyrol. Teller ft von John, 
Jakrb, d. CM. BekhaanetaU, 1882, p. 689. Enstatite and Angite. 

15 
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IL The microscopic features of granite recur here, witJi 
plagioclase (commonly oligoclase) in place of orthoclase. The 
greater number of so-called "hornblende-granites" must bo 
placed as quartz-homblende-diorite when viewed in section. 
Where the hornblende can be shown to have arisen from 
pyroxene, the rocks are sometimes classed as " Epidiorite," aad 
in these cases the quartz is very likely of secondary origin. The 
fibrous irregular nature of the secondary amphibole will often 
distinguish epidiorite from true quartzrdiorite. 

The typical " epidiorites " show a schistose structure in 
section; the felspar is granular; the hornblende is sometimes 
fibrous and actinolitic, sometimes also granular. Residual 
pyroxene of paler colour may occur. 

Though pale augite may be expected in quartz-diorite, in 
marked contrast to the richly coloured amphiboles and micaSy 
yet rhombic pyroxene is rare. 

Sphene and apatite are common; and magnetite and titanic 
iron assume importance as the proportion of silica diminishes. 

Quartz-Aphanite. — This series includes almost all the compact 
homblende-diorites or Aphanites of Haiiy. See Aphanite. 

Structure. — Microgranitic or microcrystalline, the felspars 
being occasionally rod-shaped and the structure approaching 
that of dolerite. CofutUuenti — Like quartz-diorite. 

L The quartz may be barely visible, though widely dissemin- 
ated. Dark green fibrous hornblende, or abundant flakes of 
mica, may render the rock almost black, and in the hand it may 
with &imess be mistaken for dolerite. Many quartz-aphanites 
are, indeed, altered dolerites, and would be styled by various 
authors ** fine-grained epidiorites " or *' quartz-homblende^lia- 
bases." The micaceous varieties include many fine-grained 
" kersantites." 

Specific Oraviiy, — About 2-85. 

II. Plagioclase and quartz, the important distinguishing 
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minerals, must be looked for. They may be found in micro- 
pegmatdtic intergroirths, sometimes globular, as in the eurites. 
Some of the rocks styled ** granophyre " must come over to this 
diyision. In the more basic types pyroxene is common. 

It is impossible to make any microscopic distinction between 
the quartz-aphanites and many ''fine-grained quartz-diabases.'' 
The quartz in the latter, howerer, is sometimes clearly secondary, 
occurring in strings and veinules. 

lY. DiOBlTS AND ApHANITB ObOUP. 

The supposed importance of distinguishing rocks containing 
amphibole from those containing pyroxene led to a double 
nomenclature in this group ; but the corresponding lavas, the 
andesites, were for the most part investigated at a later period, 
and were arranged under one common name. The pyroxenic 
"gabbros" and ''dolerites" pass, again and again, into amphibolic 
" diorites " and " apbanites " by paramorphic changes, and these 
types cannot be legitimately divided. The limits of the group, 
however, must, as in other cases, be chemical rather than purely 
mineralogical, and many *' hornblende-gabbros '' without olivine 
may have only 45 per cent, of silica, and are more basic than 
some members of the '' olivine-gabbro " group (see Brogger, 
Oesteine der Grorudit-Serie, 1894, p. 93). 

Diorite {Hatiy,* quoted by d'Aubuisson in 1819, from d/o/>/^«, 
^'I distinguish,'' indicating the distinctness of the typical minerals, 
hornblende and felspar), Gabbro in part. Structure — Granitic to 
ophitic. Constituents — 1. Plagioclase (commonly Oligoclase or 
Labradorite) ; 2, Amphibole, Pyroxene, or Mica. 

I. Quartz must be practically absent. Hornblende and biotite 
will commonly be found side by side; some quartzless ''ker- 
santites" come here. The Gabbros (Pyroxene-Diorites) contain 
augite or diallage, and sometimes enstatite (*' Norites "), these 
minerals often enclosing the prismatic felspars ophitically. The 
rock called " Gabbro " (wn Buck) or " Euphotide " {Haily) con- 
gists typically of diallage and plagioclase, and may be regarded 
as falling in this group when it contains 50 per cent, of sOica or 
more. The olivine which usually marks the basic varieties is 
often difficult to I'ecognise in the field. 

The lime-soda felspars of the pyroxene-diorites (gabbros) easily 
become opaque and dull, passing into the saussuritic condition. 
Amphibole developes in the diallage, which often becomes green, 
a colour very noticeable in the " Yerde di Corsica," a gabbro 

* TraiU dt Mm., 2. iA. (1822), tome iv., p. 540. The rook was distin- 
guished from syenite by Haily only by its sinaUer proportion of "felspar." 
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used for ornamental purposes. Besides passing into diallage, t^e 
angite sometimes developes the three series of schiller-plane» 
that produce the dark lustrous '* pseudo-hjpersthene " variety. 
This was naturally often described as hypers chene by the older 
writers, so that the rooks called " Hypersthenite " must now be 
accepted with the utmost caution and submitted to microscopic 
tests. A pyroxene-diorite passing into the ''epidiorite" state 
commonly shows patches of grey-green silky matter, due to the 
actinolitic amphibole. 

Speoifie Ghravity, — From about 2*85 to 3*0. 

Typical Analyeea, — A. Homblende-Diorite. Rosstrappe, Harz. Fuohs^ 
News Jahrb. fur Min,, 1862, p. 812. 

B. Hornblende- Augite-Dionte. Near Inohnadampf, Sutherland. TealU 
British Petrography , p. 265. 

C. Diallage-Gabbro. East of Beverly Creek, Washington. Stokes» 
Bull, U.S. Oeol. 8urv., No. 168 (1900), p. 225. With some pyrite. 
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n. Many hornblende- and mica-diorites, when submitted to the 
microscope, have to be handed over to the quartz-diorite group. 
The conditions that produce hornblende and quartz are to some 
extent similar, since neither mineral results experimentally 
from mere dry fusion. On the other hand, the pyroxene-diorites 
are found free from quartz, and give rise to true diorites by 
paramorphic change. 

In the Pyroxene-Diorites (Gabbros) the plagioclase is oligo- 
clase or labradorite, frequently the latter. The saussuritic 
products within the felspars occasionally make the sections dull 
and nearly opaque. The passage from augite to diallage may 
be noted, and amphibole appears on the edges of the alteriog 
pyroxenes, or sporadically within them. A good deal of chlorite 
occurs between the constituents ; this arises from the alteration 
of the ferro-magnesian minerals. 
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Magnetite and titanic iron ore ara prominently seen. Epidote 
i> a common alteration-product in the dioriteg, owing to the large 
proportion of lime present (compare fig. 29). 

Axaong the pfroxene-dioritea the opbitio BtraotnTe is common. 
The felspar is well bounded and lies at random in the field, and 
the pyroxene has settled down round it, filling up the interstices, 
and forming crystals of oonsiderable sise. Thus the pyroxene 
ureas will be found between crossed nicols to be optically con- 
tinaons over a Urge portion of the section, snd the consistent 
direction of their cleavages will point to Uie same conclusion. 
Though often called "ophitic plates," it must be remembered 
that such developments of pyroxene occur in three dimensions 
and are not limited by the thickness of the slide. 

VarietM» o/DioriU. — NBPBELiNB-DlORtTR (Elxolitb-Diokitb ; 
" Tberatite" of Rosenbuach). A rare rock corresjionding to the 



Kg.27.— AltoredPyrozene-MEca-Dior- Fig. 28, — Granukr Pyroxene- 
ite, Stannar Rook, Herefordshire. Diorite. Near Huntly, Abec- 

X 12. ap. Hexagonal and other deen. x 39. h, Biotite. g, 

secUoiu of apatite included in the Garnet, noticeable by its bi^h 

other minerala. b, Biotite. &, refractive index, p, Plaglo- 

Green tibronn hornblende, occasion- dase in irregular grains of 

ally in well marked cryiCaU, de- approximately equal dze. r.p, 

Tefoping at the expense of augit«. Rhomblo pyroxene (hypw- 

mo. Magnetite, p, Plagioclue ithene}. 

much altered. In the centre of 
the field is a pale orjital of original 
augite, with rectangolar cleavage- 
eracks. Hornblende ii developing 
in this by p&ramorphtc change. 

nephelinte-syenites ; the deep-seated representative of the nephe- 
line-nndesites or " tepbritet." 

Gkardlak Diorite. — A number of "epidiorites" are granular. 
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as described under quartz^liorite ; the felspar in these forms a 
mosaic, and is often a product of recrystallisation. In addition, 
there are some remarkable pjroxeneMliorites in which the min- 
erals are of granular form and unusually dear and fresh in 
sections. The minerals are, perhaps, all of secondary origin, 
when these rooks are associated, as they often are, with schists. 

The minerals are commonly plagioclase, green monoclinic py- 
roxene, hypersthene or amblystegite, magnetite, and often garnet. 
The last-named must be distinguished by its isotropism from the 
hypersthene, the pink colour being the same in many sections. 
In the " Tra]>-Granulites," which seem to be similar rocks, the 
garnet may appear in rays spreading around granular garnets. 

Aphanite {tiaiiy* 1822, from apavi^nfMn, <<I disappear," indi- 
cating the indistinctness of the constituents in opposition to 
those of the coarse-grained diorites). Doleiite {Eaiif/y f 1822, 
from 6oXip6g, " deceitful ") in part. 

This group includes many " Porphyrites," and the quaitdess 
plagioclastic members of the " Lamprophyres " of Rosenbusch. 
Structure — Miorogranitic and microcrystalUne. At times ophitio 
(manydolerites^. Constituents — Like diorite. 

I. Honiblenae fibres may be seen occasionally with the lens, 
as may the glancing surfaces of ophitic augite in the pyroxene- 
aphanites or dolerites. These pyroxenic rocks have rod-shaped 
felspars, and are typically dark -coloured and almost black. 
Homblende-aphanites are often grey -green, with a slightly silky 
lustre. 

When altered, as they frequently are, the aphanites are easily 
scratched with the knife, and are quite distinct from the corre- 
S|*onding types in the more acid groups. ''Diabase" is a good 
field-term for altered greenish rocks allied to diorite, gabbro, 
aphanite, or dolerite. Hausmann I in 1842 defined it as a rock 
of any grain containing ''hypersthene" (i.0., lustrous augite), 
labradorite, and chlorite. The term has since been unduly 
limited. 

The ophitic types show a small nodular structure on weather- 
ing, due to the thick crystals of pyroxene coming into prominence 
and preserving the felspars included by them, while the inter- 
stitial material is more easily destroyed. 

In these altered types, calcite can often be detected with the 
eye, and fragments of the rock commonly effervesce in add. 

* TraiU de Min., 2nde. ^t, t. iv., p. 543. Quoted, with *< Diorite,'* 
by d'Aubuisson in 1819 {O^oanoeie, p. 148). 
t/Wd.,p. 673. 
t " Ueber die Bildung des Harzgebipgen." Gdttingen. 
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I^Mdifit Oraniy.~Ah<mt 2-8C to 2-95. 

Typiml AnalyieM.—A. Dolarite withoat Olivine. " WUn-Sill," Durtum. 
Tmll, Quart. ^o«m. 04oi. Soe., toL il. (1884), p. 6M. 

- " " -"•'"*-'"-*ioDolBrito). NwrWied*, 
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II. The plagiooUsea, oanally labradorite or bTtowuite, are rod- 
shaped, and the homblendeB »re commonl; also in prismatio 
forma. Tbep7rozeneB,howeTer, 
form typically (as in the olirine- 
doleritea) areas of almost gran- 
alar cryatala occupying tbe 
inte^ticeB of tbe felepar meih, 
or opbitic cryatala encloaing 
the febpara (compare fig. 39). 

Uognetite is prominent. The ^ 

porphyritic cryatals are more 
commonly plagioclase than a 
ferro - magneaian coDBtituent. 
Cbloritic decomposition - pro - 
dacta, epidote, and calcite are 
oommon in altered varietiefl. 

Varietiet of Aphanite. — Nk- 
PHKUNE-APHANiTEBandNephe- 
llne-Dolerites oconr. The rock 
of the Liibaner Berg in Saxony, 
with uepbeline, plagioclase, 
augite, abundant apatite, and 
magnetite, is a good example. 



Fig. 29.— Altflrad Dolerito (Dis- 
bus). Mynydd-y-OMler, CtAn 
Idria, N. Wsl«*. x 24. a, 
Charaotarlstlo palc-bniwii aug- 
ite. t, Almott oolourleM epi- 
dote, sHooiated with pale chto- 
lido arau, in which it cryi- 
' ' I elongated 



out, girlng elongated 
L p, Friimatic pugio- 
i; Titanio iron □tk 
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Granulab Aphanitb. — Some granular diorites are of suffi- 
ciently fine grain to be classed as aphanites. 

Supplement. 

Rocks occur, allied to Diorite and Aphanite, but with & 
felspathoid in place of the felspar. To these, the somewha* 
loosely employed terms Nephelinite, Lencitite, and Noseanitc^ 
have become restricted. One of the best known types is th« 
Nephelinite of Katzenbuckel in the Odenwald, composed of 
nepheline, a good deal of smaller nosean, augite, some biotite. 
much apatite, and magnetite. 

Rosenbusch, again, has placed in his '' Lamprophyre " group 
an interesting series of fine-grained rocks, named by him 
CamptODite, and characterised by some 40 per cent, of silica and 
5 per cent, of alkalies. In the field, most of these would be 
collected as aphanites ; yet they are clearly an outlying and far 
more basic group. For a well investigated British series, see 
Flett, "Trap-dykes of the Orkneys," Trcms, Roy, Soc. Edin,^ 
vol. xxxix. (1900), p. 874. Many fine-grained *« kersantites " 
and " mica-traps " must be referred to the same outlying group 
of ultrabasic rocks without olivine. 

Y. Olivine-Gabbbo and Olivinb-Dolebite Gboup. 

These are the typical basic holocrystalline rocks, and become 
ultrabasic by increase of magnesia (see analysis B)) until they 
pass into the Peridotite group. 

Olivine-Gabbro. — The gabbros without olivine are treated 
under diorite ; but in chemical composition some dioritee over- 
lap into this basic group 6iee p. 227V 

Structure — Granitic; oiten ophitic. Constttuenti — 1, Plagio- 
clase (commonly labradorite; sometimes anorthite); 2, Pyroxene, 
rarely Amphibole or Mica; 3, Olivine. Magnetite or Titanic 
iron ore is always present. 

L The difference between gabbro and olivine-gabbro is not 
always clear in hand-specimens, since the olivine decomposes 
readUy to dark patches, in which magnetite is largely developed. 
The typical pyroxene is brown-black augite, or the schillerised 
form, diallage. Rhombic pyroxenes are determined micro- 
scopically. The felspar is usually grey to blue-grey, and is often 
saussuritised, losing its vitreous lustre altogether. Mica is 
rarely seen; but hornblende may replace by paramorphism 
much of the original pyroxene. The olivine, when fresh, ap- 
pears in hard yellow-green glassy grains, contrasted with the 
darker and less transparent pyroxene. If the latter is diopside, 
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it may be difficult to distinguish it from the olivine ; its i 
marked oleaTBge-aartacei should bo not«d. 



Pig. 30.— OliTine-Qabbro. N«k- 
Hantlj, Abardeen. x 7. d, 
DialUfre, with Dnmaroiii In- 

clnBioD* developed \>j Khiller- 
isation. On iti margins it la 
panring b; further chju^ into 
brDwa iCrongl; pleochrtno horn- 
blende, M indicatad by the 
darker buida. ol, OliTine with 
fi brone maraiiial zone at contact 
with the feLipan (derelopment 
of actinoUtio and other amt^- 
botoa; "dynamo-metamoiphic'* 
sons of Boeenboach). p, Larg« 
crj'etali of pUgioclaae. 



Fig. 31.— Osbbro rioh in Olivlna 
(Troctolite). Corerack, Com- 
WAll. X 13. a, Iiregnlar and 
vet? Ribordinate aiigit«. ol. 
Olivine, altered, with develop- 
ment of Mrpendne and mag- 
netite along the cracka. The 
■UTTonnding fetepan have be- 
come full ofrifta whioh radiate 
from the decompoaing olivloe. 

?, Plagioolaie (anorthite). p^, 
bin Eones of pale broini py- 
roxene oocaaionally oocarnng 
on the margfn nf the olivine. 

Ophitic structure on a ooane scale is probnhl^ as commoQ as 
the granitic. Weathering gives a brown rough surface, on 
vhicb the pyroxene stands ont^ 

Specific Crovitj/.— About 2-9 to SO. As low as 3-8 when 
much altered - 

Typical Analyia.—k. Olivine-Qabbn). Bnohan, Silagia. Tom Rath, 
4)iloCed by von Laianlx, EUmenU d. Pttrp^., p. 312. 

B. Anorthite-Gabbro, very rioh in olivme, with bronote and diallage. 
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n. The remarks made on the pyroxene-diorites apply equally 
to these rocks; but olivine must here be especially looked for. 
It will appear as grains of irregular form, occasionally embedded 
ophitically in pyroxene, and traversed by the characteristic 
cracks with traces of green decomposition-products. As alter- 
ation advances, the olivine area is converted into green ser- 
pentine, and it often becomes a question whether this material 
has arisen from olivine or from rhombic pyroxene. When the 
olivine is fiiirly ferriferous, the portion of ferrous oxide rejected 
during the conversion into serpentine separates out along the 
cracks as magnetite, and gives a characteristic appearance ta 
the area. Yery commonly, colourless patches of olivine remain 
in the serpentine, extinguishing together between crossed 
nicols and thus showing the extent of the original crystal 
(fig. 31, and frontispiece, iig. 1 3 also p. xiiL) 

When felspar surrounds the olivine, it is often split by the 
expansion of the latter mineral during hydration, the radial 
cracks set up being filled with serpentine. 

VarieHes 0/ Olivine Gabbro. — With sbcokdaby zokbs (fig. 30)» 
These are very marked around the olivines. The structure 
appears to arise by interaction of the minerals when subjected 
to earth-pressures (as in the " Flaser-gabbros ** of Saxony). The 
constituents become divided from one another by zones o£ 
actinolite, rhombic pyroxene or rhombic amphibole, garnet, and 
other minerals ; these zones require the microscope for their 
correct appreciation. 

Gabbbo bich in Olivike (fig. 31). — The " Forellenstein " of 
the Germans is a rock in which tne dark altering olivine, set 
in white felspar, was supposed to resemble the markings on a 
trout. Little pyroxene occurs. The felspar is anorthite, and 
this anorthite-gabbro(with much olivine) was called "Troctolite"* 
by von Lasaulx. Microscopically, the felspars appear split by 
the expansion of the olivine during its passage into serpentine. 
Some authors, noting the small part played by the pyroxene, 
consider '< troctolite^ as composed of oMvine and felspar only. 
In chemical composition it is ultrabasic. 

OUvine-Dolerita — Structure — Microgranitic and microcrystal- 
line. At times ophitic. The olivine is often porphyritic. Con- 
BtituerUs — Like olivine-gabbro. 

I. The rock is typically dark, with a granular appearance. 

Closer inspection generally reveals prismatic felspar, obscured 

in the total efifect by the glancing points of the pyroxene and 

olivine. Ophitic structure and, where felspar is not abundant^ 

• Elemenle der Peirographie, p. 315. From TfMwcm, a trout. 



HOLOOflrrSTALLINl IONB0U8 BOOK& 235 

the ** hintre-mottling *' effect of oUvine and pyroxene, are Tisible 
in pfturts of many masses. (See p. 236.) 

The knife usually leaves a white mark on the rock, owing to* 
the tendency of the basic constituents to decompose. The joint- 
surfoces are brown with iron-rust, and weathering gives a 
ragged aspect like that of the gabbros. 

When much weathered, the olivine-dolerites become soft and 
greenish, and zeolites, calcite, and agates begin to accumulate 
in cracks and cavities. 

Specific Gravity, — ^About 2*9. Lowered by alteration. 

Typical Analyies. — ^A. Meissner, Heose. Moeata, 1867; qnoted by 
Both7 Bekrdge zur Petrog,, 1869, p. oxxx. (one of Hatty's typioal I>oleritesT. 

B. Near Valmont, Colorado. Eakini, quoted by Clarke, BvU. U,8, 
O^. Surv., Na 168 (1900), p. 14a 

A. B. 

810. 54-39 48-25 

AljO, 10-09 1673 

Pe,Os 7-07 3-99 

PeO 5-79 6-28 

CaO 8-89 8*32 

MgO 6-49 577 

KoO 217 4-08 

Na,0 416 3-24 

HpO 0-57 172 

Xi O] ...... ... *o9 

xg Vff . . • • ... Do 

Other constituents, ... ... -21 

99-62 100-16 

n. The plagioclases, labradorite to anorthite, are rod-shaped. 
The pyroxene occurs in the interstices of the felspar mesn in 
granular forms, with commonly some sign of the eight-sided 
outline, or as ophitic crystals. The olivine lies scattered hap- 
hazard, two or three crystalline grains commonly being attached 
together. Porphyritic crystals of plagioclase and pyroxene are 
frequent. The olivine, moreover, is also commonly porphyritic, 
not being diffused in small granules through the groundmass. 

By alteration, these rocks give rise to dubious forms that are 
most conveniently styled "01ivine-Diabases,''and sometimes be- 
come " epidiorites.'' In these secondary hornblende and biotite 
may occur. Both these minerals are rare in the unaltered 
olivine-dolerites. 

Varieties of OHvine-Dolerite, — Nepheline-Olivinb-Dolbrwe. 
The felspar may be largely replaced by nepheline, the crystals of 
which appear as pale yellowish vitreous grains or rectangular 
and hexagonal sections on the surface amid the dark pyroxene. 
These rocks are naturally richer in soda than the ordinary 
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type, and are holocrystalline representatives of the nepheline- 
basalts. 

Supplement. 

When felspar is absent, and its place is taken by a felspathoid, 
we have Olivine-Nephelinite, Olivine-Leacititey <&c.y a small group 
of rocks that does not require separate description. 



VL Pbbidotitb Group. 

The Peridotites, as the term is now understood, are quite 
exceptional when compared with the rocks of the preceding 
groups, being practically devoid of felspar and not rich in any 
aluminous mineral. They occur as segregated masses, or as 
veins, among ordinary basic rocks, the latter often shading into 
them just as granite may shade into the more highly silicated 
aplite. The *' Picrites " of Tschermak* are rocks rich in olivine, 
this mineral forming about 50 per cent, of the bulk ; but some 
c^iXt^in much felspar, and they are of various d egrees of crystal- 
lisation. The term cannot fairly be used in anyouFthe general 
sense of its author. See analysis, p. 233. 

Peridotite. — A name used by Oordier for a basalt or dolerite 
rich in olivine. Now generally adopted, following Rosenbusch, 
for types without felspar. **Picrite'' of many authors. Stflrws^re — 
Granitic; but very often the olivine is ophitically included in the 
pyroxene, amphibole, or mica, giving the *' lustre-mottling " 
effect. Constittients — 1, Pyroxene, Amphibole, or Mica; 2, 
Olivine. Magnetite, titanic iron ore, chromite, and other spinel- 
loids are common. 

I. The prevalent colour when fresh is a yellow olivine green, 
darkening with decomposition, and intermingled with black or 
lustrous bisilicates. In the '* lustre-mottling " types, the latter 
minerals give the impression of forming by far the greater bulk 
of the rock, owing to the glancing of itheir cleavage-sur&ces or 
schiller-planes ; the olivine appears set in the pyroxene, &c, as 
little dark green or black granules. A &lse appearance of coarse 
crystalline forms is sometimes given to the rock by the meeting 
at various angles of these lustrous sur&ces belonging to different 
ophitic crystals. 

* SUanmgsher, d, Wiener Ahademie^ Bd. xL, p. 113; and Die Pcrpkffr^ 
gesteine Osterreichs^ 1869, p. 244. 
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The hornblende - mica -peridotite of Schriesheim in Baden 
is a good type of this structure. A beautiful example with 
bronze-coloured mica occurs near Loch Scye in Caithness 
(" Scyelite "). 

Owing to the ready decomposition of oliyine, the peridotitea 
are best known in their altered forms, which constitute the great 
bulk of the rocks called Serpentine.* These are yellow-green, 
dark green, purple, or red masses, full of veins, which are often 
of a different colour to the ground ; they commonly contain 
gleaming crystab of altered pyroxene (bastite, dlMx), though these 
are sometimes represented by dull yellowish pseudomorphs in 
which the cleavage-structures are preserved. The richness of the 
colour, often a nne purple-black, makes serpentine a striking 
rock in the field. Owing to its yielding character, schistose and 
brecoiated forms are very common, and the rock breaks along 
soapy-looking slickensided surCBUses. Some rocks called serpen- 
tine are serpentinous limestones, others schists with green 
decomposition-products ; and any examination of a serpentine in 
iitu should involve a close enquiry into its probable mode of 
origin* 

Traces of dull white saussuritic felspar remain in some 
serpentines, the original rock having been allied to the gabbros 
rich in olivine. In others, red or green garnets form a some- 
what striking acoessorv (serpentine of Zoblitz, Ao,), * ^ 

Specific Cavity. — o*0 to about 3'3. Somewhat lower in 
serpentine, but varying according to the amount of alteration 
of the constituents. 

Typical Analv9eM.^A. Pyroxeoe-Peridotite («Lh«rzolite"), BUdiMero, 
Monti Roest. Costa, Rkerehe ehim. e micr, Chrome^iopaide, anstatite, 
oUvine, piootite and pyrite. 

R, Mica-HombUnde.Peridotita («Soyelite"), Loch Soyt, Caithness. 
MiU ; Quart. Joum, GeoL 8oc 1885, p. 402. Described by Prof. Judd. 

C. Donite, Don Mountain, New Zealand. Von Hochstetter, Zeitschr d, 
detUseh. geol. OenelL 1864, p. 341. Some pyroxene; chromitt removed, 

D. Serpentine, lizard, Cornwall J. A. PhiUipe, PhU. Mag., vol. xlL 
(1871), p, 101. • i-» -ir 



* Theee are the " ophites " of antiquity ; now that "serpentine " is used 
ior a mineral, they are properly "serpentine-rooks.** 
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A. 


B. 


G. 


D. 


SiOt . 


45*68 


4210 


42*80 


38-86 


Al,Ot • 


6-28 


3^ 


••• 


2-96 


Cr,0» . 


0-26 


• •• 


••• 


-08 


FesOt . 


; \ 912 


8-27 


••• 


1-86 


FeO . 


213 


9*40 


6-04 


MnO . 


» ••• 


•70 


••• 


•• • 


NiO . 


t ••• 


• •• 


trace 


-28 


CaO . 


216 


3-77 


• •• 


trace 


A&alies, 


34-76 


30-66 


47-38 


34-61 


• • • 


1-90 


trace 


1-10 


Lofls on ignition, 
orHfO . 1*21 


773 


0-67 


16-62 



99-46 100-53 10016 100*30 

n. The abundance of olivine, unaltered or serpentinised, 
•characterises the peridotites and serpentines in microscopic 
sections. Felspar is rare, but sometimes surrounds olivine 
granules here and there, as in the " troctolites." The ferro- 
magnesian constituents ophitically surround the olivine, or are 
irregularly mingled with it. Brown-green chrome-spinels, such 
as picotite, which are isotropic, are occasionally present. 

When the peridotite is fresh, there may be very little colour 
in the section, since the olivine, the enstatite, the diopside rich 
in chromium, (Sec., may all appear very clear and pale. The 
high refractive index of all the typical constituents is a rather 
striking feature when one passes to these rocks from ordinary 
quartzose and felspathic types. 

The cracks of the olivine will, however, commonly appear 
faintly green ; the pyroxenes can be picked out by their dear- 
ages and extinctions; the spinelloids by their deep colours or 
opacity, and their isotropism when transparent. 

The amphibole that sometimes occupies the place of the more 
common pyroxene is often also pale and almost colourless in 
section. A pale brown mica, with strong pleochroism, is an 
occasional constituent. 

The serpentines derived from pyroxene-, amphibole-, or mica- 
peridotites contain more or less obscure traces of these minerals 
amid the general green areas of altered olivine. While the 
bisilicateH have often become also green, and saturated, as it 
were, with serpentinous matter, it is questionable whether they 
-contribute in a conspicuous degree to the formation of the 
mineral serpentine. Their remains, indeed, occur, both in the 
rock-mass and in sections, rather as breaks in the continuity of 
the typical soft serpentine-rock than as sources of origin of the 
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serpentine. (See in particular Miss C. A. Raisin, on the 
Rauenthal Serpentine, Quart. Joum. GeoL Soc, vol. liii, 1897, 
p. 246.) 

The garnets of some serpentines are greatly altered, zones or 
complete pseadomorphs of fibrous structure being produced. 
Oalcite and dolomite may occur. 

The schistose serpentines should be studied in connexion 
with sections of the metamorpbic rocks among which they occur. 
Their eruptive origin will probably be proved in a larger number 
of cases than is at present recognised. 

The brecciated serpentines often resemble tuffs under the 
microscope, since lumps of the rock may lie amid completely 
pulverised and ground-up material ; but there is no scoriaceous 
structure in the particles, and field-examination will give 
evidence of the mode of formation of these fragmental varieties. 

The &ct that serpentinous limestones, chloritic aggregates 
derived from altered pyroxene-rocks, and other sofb green masses, 
are sometimes described as serpentine must not be forgotten in 
judging of sections said to represent this rock. 

VarieUe$ of Peridoiite. — Lherzolits would scarcely need to be 
mentioned separately here, but for the detailed study it has 
received and the antiquity of the name (given by Delam^therie 
after the Lake of L'herz in the Ari^ge). It is a hirlj fresh 
^nranitic peridotite with diopside, enstatite, and chrome-spinel. 
Many varieties of peridotite based on the prevailing pyroxene 
have lately receiv^ distinct names; but a mineralogical ter- 
minology for such rocks, as above used, will probably commend 
itself to most observers. 

DuNiTB (von Hochstetter), or Olivinb-Rock, is an extreme 
form of peridotite, commonly shading into more normal types. 
It consists of olivine with more or less prominent spinelloids 
(chromite at the Dun Mountain, New Zealaud). The colour 
is oliyine-green, the structure granitic. Many pure serpentines 
doubtless arise firom the alteration of olivine-rock or dunite. 
A good example of olivine-rock occurs at Kraubat in Styria ; 
and certain yellowish masses with chromite in the Shetlands 
are serpentines corresponding to the New Zealand dunite. See 
analysis C. 

NoU, — Compact PeridOttteS, oorrefpondinff to enrite, fto , are rare. 
The rook of Kraubat, mentioned above, is typically a oompaot form. 
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B. Uthoidal Rocks containing some Glassy Matter. 

This division includes those types of igneous rock that are not 
truly holocrystalline, although they may sometimes appear so to 
the eye. While they commonly occur as lava-flows, they may be 
found also as dykes, and towards the edges of even more im- 
portant intrusive masses. There still remain rocks of a highly 
vitreous character, which are reserved for a separate division G, 
since their correct determination is more dependent on chemical 
analyses than is the case in the present or preceding division. 



I. Rhtolitb Group. 

These rocks correspond to the granites and eurites. 

Rhyolite (von Richthofen, I860;* "Liparite" of Roth, 1861.t 
Prior to these dates classed as trachyte with free silica, and thus 
often known under the name of " Quartz-Trachyte"). Siructtire — 
Compfikct lithoidal, sometimes showing spherulites. Occasional 
bands or patches of black glass. Often banded and fluidal. 
Constituents — Those of granite may appear porphyritically. 
The felspar is orthoclase, often in the sanidine condition. Quartz 
may be present in grains. Ferro-magnesian minerals not con- 
spicuous. Lithoidal to glassy groundmass. 

I. The porphyritic crystals in these partly glassy lithoidal 
rocks are of use in determination according to their abundance. 
When scattered at wide intervals, their effect on the total com- 
position, the latter being the chief consideration, may be very 
small. Crystals of orthoclase, coupled with quartz, are, however, 
a fair guide, since the indeterminaole groundmass will probably 
be yet richer in silica than the aggregate of the porphyritic 
constituents. The clear *' glassy ** sanidine or anorthoclase 
will often show the characteristic simple twinning as the 
specimen catches the light when turned in the hand; the 
quartz is commonly granular, but sometimes has traces of 
pyramidal form. Little black specks frequently occur, which 
prove to be flakes of biotite or prisms of soda-augite, or, more 
rarely, hornblende. 

The groundmass is typically pale in colour, often being 
a red or brown-pink, or a yellow-brown ; sometimes white 

* Jahrbuch der k. k. Cfeol, HeichsanstaU, Bd. xL, pp. 156 and 165. 
t Die QeBtemsanalyBen, p zxxiv. 
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or gpreenish-white. The banded structore is often extremely 
pertect, as in rhyolites from Iceland, the rock splitting along 
|iarallel planes almost like a shale. In less regolar types the 
bandsy marked oat by yarioos shades of colour, are bent or 
contorted by the flow, and the porphyritic cry stab play a part 
in distorting them which is comparable to that of the " eyes " 
in schists. 

The gronndmass, when compact, is fkirly hard ^■- nearly 
6 when fresh), and the fructured surfaces tend to oe conch- 
oidaL It gives a good potassium reaction in the flame. 
When attacked by yolcanic yapours or atmospheric action, it 
becomes powdery and softer; opals are found sometimes in 
the cayities. 

A scoriaceous and commonly pink type from Hungary goes by 
the name of the " Millstone-Porphyry." 

The groundmass may become yery glassy, approaching obsidian 
when still compact, or becoming white and pumiceous, with a 
delicate silky lustre and rough feel, when expanded by abundant 
steam-yesides. 

As already hinted, spherulitic structure may be recognised, 
particularly in the lithoidal bands. The spherulites are some- 
times greatly elongated by the flow of the mass in which they 
are de veloped. Lithophyse-structure and spherulites, the centres 
of which seem to have been eaten out by decomposing agents, 
may be looked for among rhyolitic layas. In some cases, the 
spherulites seem to haye grown, both outwards and inwards, 
from the surfaces of steam-yesicles. 

The freshest series of rhyolites in the British Isles, ranging 
from lithoidal type^ to perlitic obsidian, is undoubtedly to be 
found on Sandy Braes, north of Tardree in Co. Antrim. 

The older types of rhyolite haye special intei'est in Great 
Britain, owing to their extensiye deyelopment in Ordoyician and 
earlier times. Secondary devitrification has removed all traces 
of glass, but the structures exactly parallel those occurring at 
the present day. Their general appearance is that of compact 
white or grey eurite ; but spherulites and lithophyses can often 
he well seen upon the joint-planes or other surfaces affected 
by weathering. In the hollows of the altered spherulites, 
and in the cracks of the rock, quartz is very freely developed. 
Many of these dull or flinty-looking lavas represent former 
obsidians. 

The *'Pyromerides" (Uaiiy and MonUiro^* meaning "only in 

* Journal de» iftuM, tome zxxv. (1814), p. 369. 

16 
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part fusible *) of the Oontinent are precisely similar to the old 
British coarsely spherulitic rhyolites. Secondary quartz and 
chalcedony are abundant in thera. The spherulites, as in our 
Wrekin area, have often become red, almost like jasper, but still 
show radial structure when broken open. In the Wrekin area 
the surrounding devitrified glass is dark green ; in the typical 
•* pyromeride " from Wuenheim in the Vosges it is yellowish 
white, resembling many *' elvans." 

Where the glass was formerly abundant in these ancient 
rhyolites, perlitic cracks of the most perfect kind may often be 
trsu^d with the eye and lens on slightly weathered surfaces; 
these cracks may be marked out by secondary products darker 
than the devitrified groundmass. It is on their occurrence that 
geologists mainly rely for proof of the former vitreous character 
of the mass. 

These older rhyolites include very many of the ''quartz- 
porphyries" of continental writers, and part of "felsite," "fd- 
stone," " petrosilex,'* and " halleflinta." 

Specific Chavity. — About 2*6. By secondary devitrification 
this rises to 2*65. 

Typical AnalyuB, — A. Rhyolite, Hlinik, Hungary. Von Sommaraga, 
Jakrhwh d. k. k. geol, Reichs,, Vienna, 1866, p. 464. '*Like homBtone." 

B. Lithoidal Rhyolite, Tardree, Co. Antrun. Player, quoted by Teall» 
Brit. Petrogr,, d. 348. With tridymite. 

C. Perlitic Knyolite altered hy secondarjr devitrification. Early Gam- 
brian or Pre-cambrian age. W. of the Wrekin, Shropshire. J. A. rhiUipi^ 
Quart. Jaum, Oeol. Soc^ 1877* p. 467. Described by Mr. S. Allport 
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The percentage of silica often rises considerably in the older 
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flxamples, bosea being carried away in Bolntion and quartz and 
ohalcedoay greatly accumulated. 
Thus a cfMiaeAy Bpherulitic rbjo- 
lite at Digoed, K. Wales, gives 
Si Oj = 8308 per cent 

IT Tn seotionfl of rbjolite the 
porphyiitic crystals are corroded 
and eaten into by the groundmass 
(fig. 32, B), asBtuning commonlv a 
ronnded or oval outline. The 
quartz, which occurs frequently, 
tnsT show glass-enclosures with 
babbles, which are not due, like 
many " enclosures," merely to the " 

transverse section of a tongue of pjg, S2.— A, BhyoUte. Hlintk, 
the invading groundmass. Bunnry. k 24. Flnidid, 

Sodsraueite and biotite are the banded, and imperfaotly 

constituents, and keep their out- ^j brown biotite. A oryiial 

lines well; but the dark minerals, erf «anidine ocean. B, 

including magnetite, are often Rhyolite. Dyke, Bro»dford 

only feebly represented. ^y- Skyo- " 24. Spheru- 

various brownish tints, commonly daye been much oorrodad by 

yellow-brown (fig. 32, A), or is the ■nrrounding matter. 

uniformly brown with scattered 

embryo-crystals — "crystallites" or " microlites." These small 
crystalline bodies are arranged with their longer axes parallel to 
the lines of flow, and sboald be studied with a l-inch or ^-inch power. 
The embryo-felepars are often notched deeply at each end, having 
grown, in &ot, most rapidly from their comers (compare fig. 36, B). 

Sphemlites appear as brown circular sections, sometimes with a 
porphyritic crystal at the centre. The radial fibrous structure may 
or may not be developed(Eee fig. 41), and concentric coats of slightly 
different physical constitution appear in some varietiea The 
materi&l, partly glassy, portly crystalline, forming the Hpherulite 
differs but little in composition from the general groundmass. In 
some oases, a differentiation occurs among the rays composing the 
spherulite, and some of the browner rays even exhibit pleochroismi. 
Probably in all spherulitee there is a good deal of glass, caught up 
during the process of aggregation. A more transparent coat com- 
monly surrounds the completed sphemlite ; at other times a cloud 
of dusky matter remains, from which the spherulite has concreted. 

In more exceptional oases the spherulite has grown in some 
directiona more thaa in others, spreading out in rays into the 
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Burroanding glass in a striking amoobiform manner. Sach bodies 
may be described as " skeleton-spherulites ; " a bunch of the 
divergent rays when cut across gives a number of irregularly 
ovoid sections of fibrous matter with no apparent connexion 
between them. 

In the more lithoidal rhyolites, the spherulitic stmcture, if 
present, is injured by the close crowding of the spherulites (fig. 
32, A and B) and is best seen between crossed nicols. Apart 
from the minute traces of isotropic glass, a shadowy crystalline 
effect (due to glass under stress, imperfectly developed crystals, 
and microlites) is seen throughout the groundmass when polarised 
light is used. This ** cryptocrystalline " character is probably 
better seen in the rhyolites than in any other group. 

The spherulites, when n .merous, may have polygonal outlines 
where they come into contact, or may be reduced to &n-like 
patches. With crossed nicols the black cross of spherules under 
stress or of fibrous aggregates is generally traceable, and is very 
conspicuous in some small spherulites in glassy rocks. In the 
imperfect feui-like aggregates^ this feature becomes most easily 
noticeable when the stage is rotated. 

While common brown spherulites may be almost or truly 
isotropic, the colourless coat round well developed examples is 
seen to be better ciystallised than the interior. 

Perlitic struoturc, with its more or less delicate and comple:! 
system of rifts, appears in the most glassy rhyolites, the curved 
cracks at times resembling in regularity the coats of an onion 
(see fig. 42). The structure is little interfered with by spherulites, 
the cracks often passing through them and the groundmass 
alike ; and the whole glass may be brown with separated matter 
and full of microlites, and yet may have yielded to this form 
of contraction. But the sub-crystalline structure of the most 
lithoidal rhyolites checks the formation of perlitic structure. 

The older rhyolites show under the microscope all the 
structures above described. But for a certain earthy dulness of 
the groundmass, and the frequent occurrence of cracks and 
hollows filled with chalcedony, quartz, or darker secondary 
products, their extremely antique character might scarcely be 
suspected (see fig. 42). But, directly the polariscope is applied, 
the areas representing the glassy or glassy-lithoidad matrix are 
seen to be composed of crystalline granules, giving colours of a 
low order ; while any spherulites present^ though all their form 
and fibrous structure may be preserved, also exhibit a granular 
polarisation. The microlites and minute bodies of the ground* 
mass can be traced, often as pseudomorphs, with higher powers, 
despite the secondary devitrification that has gone on round 
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them. The granules developed by this process sometimes attain 
1 mm. or so in diameter, and thej meet one another along 
irregular boundaries. The structure is thus something like that 
of quartzite, and it is quite possible that each granule, felspathio 
or otherwise, is formed in optical continuity with some minute 
original central crystal which has served as a point d'appui 
during the process of* devitrification. Thus a rock that retains 
all the delicate structures of the original glassy type, may come 
to consist of a holocrystalline aggregate of interlocking crystals 
of quartz and felspar, which behave ophitically towards the 
crystallites and microlites originally developed Twinning, how- 
ever, does not seem to arise in these secondary felspathic grains. 
Varietieg of Bhyolite, — Soda-Bhyolite. This corresponds to 
soda-enrite. The orthoclase is rich in soda, and commonly albite 
or oligoclane appears. Soda-microcline is probably present. Th es") 
rocks are called '*Quartz-Pantellerites" by Rosenbusch, and form 
links with the quartz-andesites. See also Obsidian in division C* 

II. Tbachtte Gboup. 

This group is now by universal consent much reduced in bulk, 
by the cutting off of the quartz-trachytes (rhyolites) at one end, 
and the oligociase- trachytes, <fec. (andesites), at the other. It thus 
corresponds to the syenites. 

Trachyte {Haiiy* quoted by d'Aubuisson, 1819, from rpa^ug, 
** rough," owing to the common texture of such lavas). Stnicttire 
— Compact lithoidal ; very often scoriaceous. Commonly por- 
ja hyrit'ic^ Constituents — Those of syen ite. The orthoclase is 
commonly the "glassy" sanidine. Ferro-ma^rnesian constituents 
not abundant. Lithoidal to glassy ground mass. 

I. Quartz must be absent ; the sanidine is often' large, its 
clinopinacoids being characteristically broad and the crystals 
plate-like. Soda-augite, biotite, and hornblende may be recog- 
nised, and occasionally rhombic pyroxene occurs. Plagioclase is 
common, and may be known by its striated surfaces. 

As in the rhyolites, the groundmass is typically pale. The 
charax!teristic colour is white,inclining to grey -brown ; but reddish, 
yellowish, and even black trachytes exist. The black scoriaceous 
type seen in the Arso lava-stream in Ischia, wbich was poured 
out in the fourteenth century, is, however, quite exceptional. 

Since the proportion of glass to well-developed crystals is on 
the average less in the trachytes than in the rhyolites, the 
banded and spherulitic structures are less often seen. The 
fractured surface is somewhat rough, and the material breaks 
tway under the knife. In decomposing trachytes, alum is 
sometimes deposited under the influence of solfataric vapours. 
* TraiU de Mm., 2iide. Mt., t, iv., p. 679. 
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Spedfie Gravity. — About 2'5. The looseneaa of texture in 
many ex&mples mnkes determinstion diffiuolt. 

TjfpiecU Anaiytai.—K. RabeTtahauatm, HesM. EomlbMh, qnoted by 
Zirkel, Ptlmgraphi^ «d. 1, Bd. iL, p. 17S. Little bonibleade uid mio^ 

B. Fnienhtiuahei], EifeL Zirkel, Ztiltchr. d. de«tkK. gtoi. GaA, 
I8fi9, p. 636. With Oligodax. 

C- ScuTupata. Uohia. Yom R&tli, Zataehr. d. dtuttck. geoL OaeB^ 
IS66, p. 623. With SodtdiU, Aogite, wd Biotite. 
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II. The beautifully clear saniciiue crystals are usually cod- 
BpicuooB in sectiouB of trachyte, though liable to be broken and 
corroded. Flaeioolase is almost always present. Small sods- 
augites are probably the commonest fen-o-magnesian constituent; 
biotite is lairly Sequent, but hornblende somewhat rarer. 

The groundmass rarely shows banding, but is crowded with 
micTolites of orthoclase, which are arranged in confused flowing 
lines. A high power reveals 
colourless interstitial glass with 
"crystal-duat" and minute skele- 
ton-crystals. In the most glassy 
trachytes, spherulitic and perlitio 
strnctures appear ^see Khyolite). 

The older trachytes are very 
difficult to marb off from thecorro- 
ipoodingtjpeof rhyolit«,Binoeit is 
impossible to say what was the ori- 
ginal proportion of silica present. 
The marked absence of porphyritic 
quartz in some rocks at present 
dassed as altered rhyolites makes 
one suspect that (among the 
Devonian eruptions, for instance) 
many of these old lava-flows were 
trachytic. 

Varietiet of Traehytt, — Sopa- 

Tbacut I B("PaDteUerite"Qf Bosea- 

r, from Fantelleria). Soda-miorocline may be 



tMnidine) in freih cryBtali, 
■h owing tnicaa of zodId 
CIcavagea not distinct. Grei 

■ectionfiesnenrthe topofthe 
drawing. Fluidal heroiorya- 
talUne gronndmua. 

buach, after Forstnei 
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present, with oligoclase. Probably the majority of trachytes 
contain a greater total percentage of soda than of potash (see 
Phonolites below). 

Trachttb with much Ougoolasb. — ^The ''Domites" of von 
Bach (from the Pay de Dome) may be placed hera These 
rocks are the connecting link with the andesites. 

Nbpheune-Trachtte (Nbpheline-Phonoute). — These rocks 
may be regarded as forms of trachyte rich in soda and poor 
in silica. The rocks known early in the century as Phonolites * 
were compact grey fissile lavas which gave a ringing sound 
('* Clinkstone ") when struck with the hammer. Nepheune was 
gradually discovered in many of these, and, following Zirkel, 
the term phonolite is now used for a lithoidal or glassy rock 
containing — 1, Orthoclase (usually rich in soda); 2, one of the 
** felspathoids,'' t.e., Nepheline, Leucite, Nosean, or Hauyne ; 3, 
Pyroxene, Amphibole, or Mica. Pale sphene is a common 
aoces8ory. 

I. The nepheline-phonolites are less trachytic in aspect than 
many of their allies. They are commonly very compact, and 
of a grey colour faintly tinged with brown. When fresh they 
have a peculiar partly glassy, partly greasy lustre, due to the dis- 
seminated nepheline (the rock of Briix, Bohemia, for example). 
Bot alteration easily sets in, and yellowish- white opaque patches, 
often showing nepheline outlines, appear throughout the mass. 
The cracks and hollows become filled with zeolites, notably 
natrolite. The felspar remains distinct and glassy-looking long 
after the nepheline has become pseudomorphosed. 

The fissile character common in phonolites is intensified by 
weathering. In several cases it is due to the arrangement of 
lamellar orthoclase in parallel planes during movement of the 
viscid mass. 

As was. noticed nearly a century ago, the phonolites give on 
digestion in acid a separation of gelatinous silica. Any rock 
rich in zeolites is likely to show this character ; but the nephe- 
line and its alteration-products, dissiminated through the whole 
mass, make the reaction here a striking one. It is noteworthy 
that the more weathered phonolites give only slight gelatin- 
isation, since the minerals which thus easily yield their silica 
have been already attacked by circulating waters (see Zirkel, 
Petrographies 1866, Bd. ii., p. 196). 

Specific Grcmty. — Near 2*55. 

Typical Analyses. — A Nepheline-Phonolite. Marienberg, near Aucsic, 
Bohemia. lUmiuelsberg, quoted by Roth, Beitrdge zur Petrogr,, 1873, 
p. xxTviii 

* KUproth, Ahhandl. der Berlin Akad., 1801. 
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B. NoMM-Nepholtoe-PbonoUle. Wolf Rock, Commll. J. A. PUUips 
Qtol. Hag., 1871, p. 249. Detcribed by Mr. 8. Allport. Sm tisa OtaU 
Mag.. 1874, p. 462. 

C. Nephehne-NoMui-Sodalite-PhoDoUte. Black Hillt, DaknU. ByU. 
U.S. OtoL Sun., No. 148, p. 114. 

A. B. C. 
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II. The Depbeline, though often abonduit ttnd porpbyritic, 
is very seldom cle&r aad fr^. The form of its aectioua, even 
in the earthy-brown decomposed state, makes it readily reoc^- 
niaable. The hexagonal sections, irhich are isotropic, must not 
be alone considered, since they may easily resemble, in their 
altered state, the common sections of nosean. 

The fekpars ami tbt groundmoss, which oonuuos commonly 
soda-AUgite, need no remark (see ordinary Trachyte). The 
_^ nepbeline may, however, occasioii- 

ally occur as minute rectangular 
and hexagonal sections in the 
gronndmaSB itself^ and entangled 
in the felspar mesh. Even in this 
truly microscopic oandition, the 
regularly grouped enclosures may 
often be detected in the crystals. 

Sphene is a common acceasorf 
constituent. The presence of 
nosean or leucite links nepbeline- 
trachyte with the varieties which 



Fig. 34. — Nepbeline - Traohjte 
(PhoDoUta). BrUi, Bohemia. 
X 35. m, Nepbeline, in rectan- 
gular and hexagonal aections. 



follow 



LBUCITB-TRA.CETTK (LeCCITI- 

Phonolitb). — Here the potash pre- 

^ ^ ^ dominates largely over soda, bat, 

ihowing coning, o, Ortiioclase perhaps from a deficiency of silica, 

(wnidine). inDDmeron* necdlea lertcite occupies part of the place 

and m itellar group.. Dark ^^^^ ^y ortbodwe in ordinarj 

green pKtchei ( eoda-pyroxene) . i_ . ' wiuiiiMj 

Soonr^ the hemici^Uine trachytes. 

groondmee*. I. The leuoite is often visible 
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only with the miorosoope. The rock has a less compact and more 
earthj texture than the typical nepheline-trachytes. Nosean, 
in dull-looking or dark altered crystals, is very often present. 

IL The almost circular sections of the clear and scarcely 
altered leucite, unless very minute, readily strike the eye. 
They are sometimes distributed almost regularly through a dull 
groundmass, and at the first glance resemble vesicles. The 
characteristic enclosures are better seen in the small than in 
the large porphyritic crystals. Hexagons of nosean, and some- 
times nepheline, are frequent accessories. 

NosEAK- or HaOtnb-Teachytb (Nosbak-Phonolitb). — The 
dull sections of the felspathoid, sometimes earthy-brown when 
nosean, sometimes almost blue-black when hauyne, are com- 
monly visible on the suiface of the rock, and are easily detected 
under the microscope. The nosean-nepheline-trachytes resemble 
grey compact typical phonolite (as, for example, the only known 
British phonolite, from the Wolf Bock, Cornwall). See analysis 
fi. The nosean-leucite-phonolites are typically of looser and 
more earthy texture. 



III. Akdesites rich ih Silica (Rhtolitic Andesites). 

This group, in which the excess of silica may or may not be 
developed as quartz, corresponds to the quartz-diorites and 
quartz-aphanites. £ut the latter probably form a larger group, 
owing to their having been developed in many cases as quartzose 
^ epidiorites '* from rocks in which the percentage of silica was 
originally lower. Very many glassy rocks, however, that have 
been classed with rhyolites have porphyritic crystals of plagio- 
clase ; and their chemical composition would lead one to conclude 
that little, if any, orthoclase would be developed if the whole 
mass became holocrystalline. Such cases must be worked out in 
the field and correlated, if possible, with holocrystalline types. As 
Mr. Diller and PiDf. Judd have shown, the proportion of por- 
phyritic crystals to glass is a very important element in these 
considerations, and a hand-specimen from one part of a rock-mass 
must be referred to andesite rich in silica, while another, with 
more crystals, may be a normal or even basic andesite.* 

The characters of the rocks of this group are so much the same 
as those of the andesites which follow that separate description is 
unnecessary. Quartz grains, often corroded, must be looked for 

* Diller, SdencCy vol. iii (1884), p. 663, and Judd, ** Natural Hiatory of 
UTaa,** GeoL Mag., 1888, p. 4. 
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(as in the " Daoites/' so named by Stache, after Daoia). There is 
a greater tendency, moreover, to the iormation of glassy types 
than is the case among normal andesites. The much altered 
forms with free quartz are often called " Quartz-Porphyrites." 

It must be remembered that *' Quartz- Andesites " may occur 
which scarcely fall within this group, the bulk-analysis yieldiog 
perhaps only 61 per cent, of silica. Others seem merely to have 
picked up foreign quartz-grains in their passage to the surface. 
The quartz in such cases is surrounded by a green envelope of 
granular pyroxeoe. 

Specific Gravity, — About 2-65. 



Typical Analy9e8.—k. ''Daoite." Els Sebes, TFansylvania. Doelter, 
Tscherm. MiUheiL (Jahrb. d, geoL Reichaanst), 1873, p. 92. Biotite, Horn- 
blende, Augite. A little Sanidme. 

B. Hypersthene-Augite-Andeeite ; pumioeonB form, the glass fonninff 90 
per cent, of the whole bulk. Krakatoa. Winkler, quoted by Judd, Soy, 
Soc Krakaioa report^ part L, p. 2SL 

A. B. 
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The name Andesite, which was used for certain lavas of the 
Andes by von Buch, was resuscitated in 1861 by Roth* for 
rocks between trachyte and basalt, consisting of oUgoclase with 
amphibole or pyroxene. 

The group is a very large one, its members being among the 
commonest lavas met with ; and two sub-groups suggest them- 
selves, which of course shade into one another, but which will 
serve to emphasise the difference of type at opposite ends of the 
series. See also p. 249. 

• Die Oesteinaanalyaen, p. xlv. 
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The first snb-gronp, called here 'HrachTtic andesitea/' cor- 
responds to diorites rich in soda. The second, the ''basaltic 
andesites," corresponds to the pyroxene-diorites with basic fel> 
spars, and thus to the balk of '* gabbros without oliyine." 

Sub-grov/p 1. — Trachytic Andesites. Structure — lake trachyte. 
Commonly porphyritic. ConsHtuerUa — 1, Plagioclase (commonly 
Oligoclase) ; 2, Soda-Augite, Hornblende, or Mica. Sometimes 
Rhombic Pyroxene. Lithoidal to glassy groundmass. 

L The marked feature of the andesites is the absence of 
ortboclHse; in this sub-group the striated oligoclases are abun- 
dant and the ferro-magnesian constituents are lens important. 
The groundmass is characteristically trachytic; colour on the 
whole darker than in trachyte. Spherulitic and other structures^ 
characteristic of the more glassy rocks are rare. 

The much altered and older examples (many of the '*Por- 
phyrites ") are typically brown-red and almost earthy in appear- 
ance: Search should be made in the field for the least altered 
portions of the mass. 

Specific (rrowiy.— About 2*76. 

Typical Analvtes, — Poor in magiiesia, and fairly rich in alkalies. 

A. Hornblende- Andesite. WouLenburg, Siebengebirge. Bischof , Lehrb^ 
d. Oeol., 1 Anfl., Bd. ii., p. 2181. 

B. Hornblende- Andesite with Angite. Pay de Loachadi^, Auvergne» 
Von Lasaubc, News Jahrb,/ar Min., 1869, p. 706. 
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n. The broad sections of felspar that characterise this type 
of andesite are often as fresh and clear as sanidine, but show 
beautiful twin-lamellation. The glassy groundmass has com- 
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monlj penetrated them unci worked lar into their interiora, the 
ooiTOBion 8pre»diug easily along 
the planes of oomposition of the 
twins. The extent to which 
these plagioclases have yielded 
to the attack of the magma is 
a feature of great interest ; and 
the external matrix has often 
become dull by the develop- 
ment of cryEtallites, while the 
intruded portions have preserved 
a purely glaaay character. 

The hornblendes or micas, 
again, suffer by the development 
Kg. 35. —Hornblende -AndMite f ^ opaque bUck margin, 
^.diytio typel^ Sumn^it of ^ BOme^es remain aa blick 
BeiDD NeviB, SootUnd. x 7. , , , 

h. Brown horoblande. p. granular paeudomorpha. 
Plagiockse, often mnoh cor- Richbrownbiotiteisagainand 

mded by the rImh around, agajn associated in these rocks 
FlmdalhemicryBtalUne ground- ^j.jj hornblende. The typical 
"'"*■ pyroxene is very pale green and 

is pi'obably soda-augite; and rhombic forms, generally poor in 
iron, may appear. 

The groundmasa is brownish and trachytio in appearance. The 
gloss, where traceable, is pale and almost colourless. Evidenoes 
of flow are less frequent than in the trachytes. 

The " Forphyrites " (altered andesites) of this sub-groap 
show typically a brown earthy matrix, often with green pseudo- 
morpbs after biotito. The hornblende and pyroxene have 
commonly become completely decomposed, leaving colourlesa 
areas bounded and traversed by strong opaque bands, which 
are formed by the iron oxides separated out along the cracks 
and on the margins of the original crystals. The glass of the 
groundmass, and that intruded into the felspars, can sometimes 
be traoed as yellow areas occupied by decomposition-products, 
which resemble serpentine between crossed nicols. 

Svi-group 2. — Basaltio Andeaibes. Typically Fyroxen&-Ande- 
sites. '■ Basalt without olivine " comes here, when there is about 
50 per cent or more of silica. Structure — Lithoidal ; sometimes 
with glassy interspaces between the crystals, Contlituentt — 1, 
Plagioclase (Oligoclase or, probably more often, Labradorite) ; 2, 
Augite or Rhombic Pyroxenej more rarely Hornblende and Uioa. 
.Magnetite is oonapicaons. Idthoidal to glassy groundmaas. 
I. In appearance these rocks are darker and compacter than 
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those of the preceding sub-group, and approach the basalts in 
texture, becoming even black and notably heavy. The rock 
tends to break conchoidally, and a spheroidal structure in the 
mass is not uncommon, which is developed, with onion-like effect, 
by weathering. The porphyritic crystals of plagioclase are 
often accompanied by well developed pyroxene, the stout black 
prisms of which stand out on the surface amid the deep brown 
groundmass. 

The mass of the rock appears miorocrystalline to the eye and 
lens, the small rod-shaped felspar prisms being often discernible. 
It is scratched by the knife, leaving a light streak. When 
much glass is present, dark areas appear, with a quartz-like 
aspect and conchoidal fracture, between the crystals, and the 
whole rock may have a speckled vitreous lustre when turned 
about in the hand. Spherulites, banding, Ac, are rare; and 
scoriaceous rather than pumiceous structure accompanies the 
examples gathered from lava-streams. 

The much altered types (part of " Porphyrite " and " Diabase ") 
ftre commonly reddish, like those derived frt>m the trachytic 
andesites ; or compact black, like many of the rocks styled by 
Brongniart " Melaphyre,** * a number of which must come into 
this sub-group. 

Specific Gravity, — About 2*75 to 2*9. 

Typical Analygea.—'RicheT in lime and magnesia and poorer in alkaliet 
than preceding snb-jgrotip. 

A* Angite-Andesite. Tungura^ua, Andes. Artop€, quoted by Roth, 
BtOrdgt zur Petrogr,, 1873, p. xlvi.t 

B. Jdypersthene-Augite-Andesite, Buffalo Peaks, Colorado. Hillebrand, 
BvlL U,8. Oeol. Survey, No. I, p. 26. 

C. Augite-Andesite ("Basalt without olivine"). Hals, Iceland. Genth» 
AntL d. Chem. u, Pharm,, 1848, p 22. 

SiOs . 
AlsO,. 
Fe, 0, . 
FeO . 
MnO . 
CaO . 
MgO . 
KgO . 
KasO . 
HaO • 

a 

10017 99*901 100*39 

* ClamJietUum mineral, des Roches M4lcaig4e$^ 1813, p. 40. 
t The glassy auprite-andesite of Eskdale, Dumfries, has a dosely similar 
composition. See Teall« Petrogr., p. 196. 
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Compare deBcrlption of oliTine-lMtsolts, p. 257. 

n. In flections the prominenoe of pyroxene, whether pttle or 
fltrougly jellow-brovn and purple-brown, and the comparative 
lack of hornblende and mica, strike the ey« at onoe. The latter 
miaerals are, in fact, typically absent. 

Augite ocoDTB porphyritio^y, and has developed abundantly 
in the groundmass in the more basic types ("basalts vithoat 
olivine"), occurring there ae grain-like crystals between rod- 
shaped felspars; the rock passes, by ezolnsion of the interstitial 
cryptocrystalline matter, into typic&I " dolerite withont olivine." 
EnsUtite or hypersthene is common (Gg. 36, A). 

The plagioclase, when porphyritie, is freely corroded, pro- 
serving a general prismatic outline, though the interior may be 
lai^ly replaced by a maxe-like structure of brown glass- As 
above remarked, a mesh of rod-shaped plagioclases developes in 
the groundmass in the most basic types. 

In some varieties of andesite from near Tetschen in Bohemia 



g. 39.— A, Pyraiene-Andeeite (basamc type). Erenmits, Hnnnn. i 
14. p, PlogiocLMe. r.n, Rlioiiibia pyniiene (emtatite). CubM < 
magnetite occur. Dark hemicryBtamne RninDdmaM. B, Glaan 



e-Andeait« (bsultia type). I^ke, kekdale, Damfriea. x 40. 
a, Granular aagit«. often set with radtadng micn>lit«a from the glsMT 
groQDdmasa. p, Plogiockoe in virion* stagea of growth, often with 
chacacteristia Ufurcatins and incomplete terminations. Magnetite 
occurs. This rock exhibits the clear brown interstitial glass typical 
of nuny continental aagite-andesites and " porphyritea." 

the felspar is mainly in the oryptocrystalUne groundmass, in 
which abundant microlites of brown hornblende have developed. 



HEMICBT8TALLINB lOnOUS SOCXfl. 255 

TThe porphjiitic crystals are, on the other hand, large angites, 
-with very pronounced idomorphic characters in section. This 
rock will serve to show how removed the basaltic andesites may 
'be from the trachytic type. 

The ground mass is characteristically brown, with at times 
skeleton-crystals (cross-like forms) of magnetite. When com- 
pletely glassy, it is a warm transparent brown (fig. 36, B), in 
-which the well-defined crystals of the final consolidation lie. 

When the groondmass appears filling the interstices of the 
felspar mesh, it is described by Bosenbusch as *4ntersertal." 
Were it now to become converted into large crystals, it would 
often result in an ophitic structure, since its composition must 
often be near that of a pyroxene, the felspathic matter having 
been withdrawn from it. in the same rock-section the structure 
of a basaltic andesite with a felspar mesh may be seen in one 
part, and that of ophitic dolerite in another (compare fig. 39). 

The "Porphy rites" of this sub-group show a yellowish substance 
in the place of any original gla^ss. The rhombic pyroxenes are 
decomposed to green fibrous forms; the augites are often replaced 
by chlorite, and the felspars in large part by calcite. Specks of 
calcite may also appear throughout the groundmass. 

Varieties o/Anctesite, — Beyond the above broad divisions of the 
andesites, we may expect the following varieties : — 

I^bphbline-Andesitb (Nephelinb-Tbphbite).— The "Teph- 
rites" are a plagioclase-series parallel to the phonolites, and 
commonly containing soda-augite. The name is unfortunate, 
aince the old " T^phrines" are rarely " tephrites" in the restiicted 
sense of Bosenbusch, being mostly rough grey andesites. 
*' Basanite " of Bosenbusch is a tephrite with olivine ; such rocks 
will be classed here as varieties of oli vine-basalt The '* basanite" 
of Brongniart (1827) was merely a porphyritic basalt. A 
<* tephrite " is practically an andesite with part of the felspar 
replaced by a felspathoid (p. 247). The nepheline-andesites seem 
rarer than the nepheline-trachytes. The silica sinks to about 50 
per cent. 

Leuoitb-Andbsite (Leucitb-Tbphrite). — The leucites are 
often conspicuous on the surface of the rock, as in the fine 
example from Civitil Oastellana near Yiterbo. 

NosEAK- or HAitYNB-ANDBSiTE (Nosban-Tephrite). — Hailyne 

is more prevalent than nosean, doubtless owing to the presence of 

lime rather than soda in the molten rock. A very fine example 

18 the so-called <<Haiivnophyre" of Melfi ; some parts of this rock, 

with only 43 per cent, oi silica, cannot flekirly be ranged as andesite. 

yote to the Andesiten. — PBOFTLrrs, used by von Richthofen for the oldest 
Tertiary andesites, has been revived by RoRenbuach for those forms in 
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which alteration has baen due to iolfatario aodon. The typical propjlites 
in this senae are compact grej rooks in which the hornblende and biotite 
are converted into green chloritic pseudomorphs, while the folipars have 
often given rise to epidote. Iron-pyrites is in some cases abundantly 
developed in minute sparkling crystals throughout the rock. To aocuratelj 
distinguish between this kind of alteration and that of the ordinary 
"porphyrites" requires careful studT on type-examples. For preliminarj 
purposes neither name need be used, "altered andesite'* beinff sufficient 
and comprehensive. The Propylites have been fully discussed by Prof. 
Jndd {Quart, Joum, Otol. Soc, voL zlvi, 1890, p. 341). 

SUPPLBMISNT. 

A somewhat interesting group of rocks falls here, the heml- 
cryfltalline NephelMtes, Lendtltes, dxx, which are much better 
known than their holocrystalline representatives. As Prof. 
Lawson has suggested (see p. 223), orthoclase may, in the latter, 
sometimes represent the leucite of the lava-type ; and, similarly,, 
other felspars may represent the other felspathoids. Stfiicture — 
Commonly porphyritic, with a trachytic aspect. ConstUuerUa — 
1, Nepheline, Nosean, Haiiyne, or Leucite; 2, Pyroxene, Amphi- 
bole or Mica. Lithoidal to glassy groundmass. 

I. The absence of felspar may not persist throughout the same 
rock mass, and a Nephelinite may thus graduate into a Nepheline- 
andesite. 

A well-known example is the Leucitite of Selberg, near 
Rieden in the Eifel (fig. 37), with leucite, nosean, minuto 
)iaii3me, and soda-augite. 

Its mean analysis is as follows : — Nosean-Leucitite. Rieden. 
Vom Rath, Zeitschr. cL d, geol, GeseU., 1864, p. 97. 

SiO, 48-25 

Al,Os 16*63 

FeO 6-63 

CaO 7-82 

MgO 1-23 

E9O 6*52 

Na,0 9*42 

SO, 1-68 

CO, 110 

a 0-26 

H,0 1-94 

101*38 

In proportion of silica these rocks resemble the basic and 
ultrabasic series, while in alkalies they may surpass the 
phonolites. 

n. The pyroxene is a green soda-augite, often markedly 
pleochroic, or a brown augite, as in the haiiyne-augite rock of 
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Neudorf; the former type is mmmoa in rook> of a trachjtio 
dumcter, and the latter in those of diitinotly boaaltio aspect 



T. Olivine-Babalt G&onp. 

If we remoTB the few rocks 
of basaltic type in which 
oliviae is not present to the 
Bub-gronp of the basaltic fio 
andesites, the present group 
might bear simply th« old 
name "Basalt." To avoid 
any misconception, how- 
erer, we add, as in the 

case of the holoctystallins ^ 37.-No.«i..Uiwitit,. Ri«tai. 
representatiTOB, the prefix Ei&L x 7. a. Dark grMo pleo- 

"olivine." ohroio loda-aaritfl, oftaii zoDei£ I, 

Olivise-Bftsalt. Btme- Lan<ut*,uicIadiiigimsllioiU-RagitM 

(w«— Lithoidal; in parts ™d mioroicopu. hsilyne.. no 

ophitic. ConttxtuetUi — \, ^^.i^M. Hwniory-UlUn. ground, 

riagioclase (oommonly Ia- mau. 

bradorite or Anorthite). 2, 

Angite ; Rhombic Pyroxene at times, bat less frequent than 
in the basaltic andesites, its place being taken by olivine; 
Hica or Ampbibole is rare, particularly the latter. 3, Oli- 
Tine. Magnetite and titanic iron ore often abundant. The 
glassy gronndmass is oommonly reduced to very small pro- 
portions. 

I. The rock is dark and compact, often absolutely black when 
fraab. The greyer varieties sometimes simnlato limestones, but 
their superior hardness mnst be noted. The knife produces, 
however, a light streak on surfaces of basalt. When altered, 
the rock is softer, with a greenish grey or brown tinge. The 
joint-surfaces become strongly coated with brown fermffinons 
prodnots, and a spheroidal structure, as in bssaltio andesites, is 
oommonly seen, the successive crusts of the spheroids being 
removable from one another when decomposition has emphasised 
the surfitoes of separation between them. 

In the field, besides tbis structure, the abundance of straight 
joints is aotioeable; and the basalts exhibit the columnar structure 
in the most perfect manner, the base of thick lava-flows giving rise 
to large and more regular columns, while the upper portion is a 
HUM of irregular and curving forms. The meeting of these two 
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types of columimr rook in the interior of the lara-otreacn oecitr» 
tdong a plane which appears to divide the mass into two distinct 
flows; and careful field-examination must in consequence be made 
before the true upper limit of an old lava-stream can be determined. 

Though scoriaceous types are common, glassy structures are 
very rarely encountered in basalts in the field ; but the crusts of 
some recent basic lavas provide examples of spherulites, perlitic 
j(»niting, &c,f which repeat all the features of more add types. 
The " Yariolite '' of the Western Alps, Liguria, <fee., is a remark- 
able case of the formation of such crusts on surfstoes of basaltic 
andesites or olivine-basalts. The glass of variolite is now loe^ 
by secondary devitrification; but the ^herulites remain oon- 
spicuous, and form on weathered surfaces the pustular markings 
from which the rock received its ancient name {variola = Uie 
small-pox). (See p. 367.) 

Basalt dykes flEurly frequently show remnants of glass along 
their planes of contact with the surrounding rock ; and some- 
times this material has a distinctly vitreous lustre and a thickness 
of one or two inches (see Tachylyte in division C). The rock 
becomes rapidly more crystalline from this selvage inwards, untii 
in a few feet it may be practically a dolerite. 

The minerals of compact basalt, as may be seen from the classic 
research of Oordier (p. 110), are difficult to determine with the 
eye, although the lithoidal mass contains but little glass. The 
olivine is almost invariably porphyritic, but is lost to view in 
the dark groundmass on decomposition. When fresh, its striking 
yellow-green crystals, contrasting with the black prisms of pop- 
phyritic augite that may also occur, readily call attention to the 
basic character of the rock. 

The plagioclase, when porphyritic, is often tinged faintly green- 
ish, owing to the general alteration of magoesian silicates round it^ 

The altered olivine-basalts form part of the old '^ Melaphyres*'' 
Such rocks are very commonly amygdaloidal, owing to Uie easj 
decomposition of the basic silicates and the formation of serpenr 
tine, zeolites, calcite, and chalcedony in all the vesicles and 
cavities. The typical colour of these '' melaphyres " is green 
rather than black ; others, with extensive oxidation of the iron^ 
resemble the familiar brown-red '' porphyrites." When the lime 
has separated out as calcite, and the soft mass has given way under 
pressu re and become shaly, the " Schalstein " of the Germans is 
produeed ('^Spilite" of ^!^ngniart). Many " sohalsteins " are 
derived from basaltic andesites ; others from various basic tufb. 

It is impossible to distinguish between many so-called "olivinj»> 
diabases *' and ** melaphyres^'' 



Spt^ia Grmntjf.-- V lmar 2^, Lowered by altentlan to abost 
3-8. 

Tifpieal Atmigmt.—A. Batfi-dodol, Jkn. StOhr, 1872, quoted hj Roth, 
BeiM^tMrPetrofp:, 1873, p. Ut. Deasribed b t Rosenbiucli. 

B. Ktna, Broption ol 1869. Paidui, Ifmtet Jahrb./ar Jfm., 186t[, p. 713. 

C Bidhelkcmt HaniL C Rotb^ 1863, qtlotwl by Roth, Beitrdgt z, Pttr., 
1800, p. ex. Porphyiitui Olivine viuble. 

D. Roluduck. MitMhirlich, ZtilKhr. d. d. gtol. Oadt., 1363, p. 372. 
Porphyritie Olirine ud Angite. 
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II. Typical eectioiiB of olivine-basalt show porphyritio olivine 
fig. 38), Bometimes with purple or brown augite, m a ground- 



Pig. 33.— BaMlt. lion'i HMmoh, Arthnr'a Seat, EdinbnrglL x & o, 
Ansite. oj. Olivine, tJteriag aloDf; cnuiks into pale green ■erpeDtiiic. 
p, Flagioclue, often corroded by the groandmasB. Some maguetilc. 
HamicTyitaUine groondmui, in which tbe gliuB is mtich reduced by 
tha abondant development of microlitai of pugioolaM and angita. 
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man formed hj & mash of pUgioclase with interstitial Aogite 
granales. Close inspection with high powers reveals traces o£ 
glass, contMuing mas^etite (in skeleton-formi) and little globular 
or rod-like crystallites. This glass is sometimes colourless, some- 
times earthy-brown and full of dust-lilEo crystallitea. The small 
proportioQ which it commonly bears t4> the oiystals is in itself 
evidence of tlie basic character of the lavas of this group. 

The olivine-b&salte easily pass into ophitic or ordinary dolerites 
(fig. 39). 

Magnetite or titanic iron ore is commonly well developed; 
Bphene, except when represented by the alteration-product 
"leucoxene," is absent. 

Rhombic pyroxene becomes rare as theolivine increases. A very 
pleochroic pale biotite is occasionally met with ; but hornblende 
is particularly rare. The soda- 
Bugites are natnrally absent, but 
may re-appear in the basalta 
containing nepheline, &c. 

In the more altered types 
("melaphyres") the pseudo- 
morphs after olivine must be 
looked for, and appear yellow- 
brown, olive-green, or almost 
black through separated iron- 
oxide. A quantity of isotropic 
to oryptocrystalline green or 
yellowish matter occurs between 
the felspars, representing altered 
pyroxene and glass. The former 
extent of tbe glass is thus very 
often difficult to trace. Epidote 
and calcite arise freely in these 
types, and leolites form hand- 
some fibrous abrogates in the 
cavities. 

Variei ca of Olivitu-Batalt. — 
Basalt bich in Olivink. In 
some of these rocks the olivine is 
seen to be very abundant when a 
hand-specimen is examined, the yellow-green porphyntic crystals 
being conspicuously set in a dark groundmass. In others, as at 
Dreis, Eifel, nodules of olivine and rhombic pyroxene, some 6 cm. 
in diameter, lie embedded in a normal compact basalt. 

Nbpheliiib- Basalt (" Nepheline -Basanite" of Bosea- 



oi 



ltp««inL . 

Doleritfl. Tobermotj, MolL 
X 26. a, Angite, developed 
sTomid the feupui in Urge 
ophitio crjPBtab without defined 
outlinea. In other pkces, to 
rigbt uiil Mt, the hemioiTBtal- 
line baikltic ^roundrnMs is soan 
in the inteivtiCM of the felspar 
meih. ol. Olivine, p, Plaeio- 
□Isse; amall pnimatio baoit 
characteriotic ol baaalta. Mag- 
netite alao ocoura. 
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bnsob). — In oonformitjr with the common nyatom of nomenoUtvre, 
we imply by this term & basalt which oontaiaa nepheline ia addi- 
tion to its ordinary oonBtitneata. 
The felspar is likely, however, 
to be diminished; aod when its 
place is entirely taken by nephe- 
line we have an olivine-nephe- 
linite. 

Leucite-Babalt (" Lencite- 
Basanite " of RoBenbasoh). — 
This ia a common lava of Vesn- 
viuB. The leucites are typically 
conapicnoua and porphyntio, 
the plagioclases being small and 
rod-like in the icroundmasB. „....„,„ , 

oimii.i.i,ot.boid«.i. The ''I!- "ir';";?„?r; „.7^™ 

. . , L. L *■ l'^ a, Angite, in one mstuioa 

colour vanes from grey to black. .orronnded by amtU lenciui. 

Some leu cite -basalts, how- 1, Leacit«; two large cryataU 

ever, are like the ordinary I** !■> the upper part of th« 

olivine-bearing types, and the ^}^ ^•u^'°^-*^^*^ 

, .. 1 .'"^L J .... ] With Bmall lencitei m tbo dark 

leucite 18 only to be detected ^^^^ ™nadnit«. 

by the microscope. 

Typical Anaii/'iu.—lMyt of Veravioi, 1807-68. Specific gravity, 2-7fll. 
Vvcia, S^nia Jahrbuch/Or JUin., I8H P- 79- 

8iO, 4e-H 

Al,Ut 21-3S 

Fe,0, 7-27 

FeO 4-M 

UdO traoB 

CaO 8-89 

UgO 378 

K,0 5-87 

N«,0. . 1-62 

10I-18 
H*tiyMB-BA8ALT. — Many rocks bo described may be classed as 
baiiyne-andesites. The hauyne may be porphyntio, or may be 
minutely distribnted in the groondmasi in the place of prisms of 
felspar. 

SuppLEHurr. 
The OUvine-Hephellnltes, OUvine-Lencitltea, Jec., form a small 
group ; but there are some singuUr rocks among them, notably 
the so-called " Melilite-Baaalts," which consist largely of melilite 
and olivine. They yield only 30 per cent, of ailica, and are thus 
extremely ultrabasic. 
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JHelilite oannot be regarded as a common rook-forming mineral ; 
but it may be aeen in tbe hollows of some lavas with the naked 
eye as well developed brown and gummy-looking tetragonal 
prisms. At Capo di Bove, near Home, there is a remarkable 
lava, with 46 per cent, of silica, in which the melilite ophiticallj 
encloses small leucites. In sections, the melilite thus appears 
as a colourless to pale yellow ground, with a refractive index as 
high as that of topaz. In other rocks it may be prismatic. 

Limburgite (Rosenbnsch, ^'euea Jahrb. fiir Hin,, 1872, p. 35, 
from Limburg in the Kaiserstuhl area, near Freiburg-im- 
Breisgau. Synonymous with Mohl's '< Magmabasalt"). — Structure 
— Lithoidal to glassy, with porphyritic ferro-magnesian minerals. 
Constituents — 1, Pyroxene ; 2, Olivine. Magnetite, titanic iron 
ore, and apatite are very common. Lithoidal or glassy ground- 
mass. 

I. ThiB rock graduates in the field into one in which felspar 
has developed, and Pro£ Bonney has recently shown {Geol, Mag.^ 
1901, p. 412) that its true alliance is witii the olivine-basalts. 
1 he rock of Bolandseck (analysis on p. 259) provides a link 
between the latter and the ultrabasic limburgites. Limburgite 
differs from ordinary ultrabasic rocks in the low percentage of 
mngnesia. Rosenbusch's ^'Augitite" is a limburgite wiUiout 
olivina 

Specific Gfravity. — A rather glassy example gave BosenbuB<^ 
2-829. 

Typical Analysis, — Limburg. Rosenbusch, loc, cit., p. 54. 

SiO, 42-78 

TiO, 0-28 

AljO, 8-66 

FeO 17-96 

MnO -95 

CaO 12-29 

MgO 10-06 

K,0 0-62 

Na,0 2-31 

H,0 . 3-96 

99*87 

U. In sections the glass is strongly brown, and may contain 
.Bumerotts skeleton-crystals of magnetite. The abundance of 
porphyritic crystals of augite is the most striking feature. 
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VI. HBMlOBTBTALLIirB PSEUXXnTK GbOUP. 

Oifing to the ready crystallisation of peridotite-magMaa, tkese 
rocks are little known, and require a determination of at least 
silica and magnesia for their oorreot apprMiattoo. 

C. Highly Glassy Bocks. 

In the field there is little difficulty in comparing with their 
lithoidal relatives rocks in which the constituents have not 
separated out from the glassy magma. But such rocks in isolated 
hand-specimens are incapable of accurate determination. The 
porphyritic crystals, belonging to a previous period of ccmsoli- 
dation, may be widely scattered and afford no due. Chemioal 
analysis of the glass, with or without the crystals, or even 
ordinary flame-reactions, will give a fair idea of the potentialities 
of the individual specimen; but the holocrystalline type, of 
which it is, perhaps, merely a selvage, may prove to be of more 
basic character than the glass itself suggests. When the mode 
of occurrence and the alliances of the specimen are known, it 
may be described as rhyolite-glass, andesite-glass, d(c, when 
fSdrly free from crystallites ; or as rhyolite-pitchstone, andesite- 
pitchstone, &c, when the development of these minute bodies 
has imparted a resinous lustre to the mass. The term Pitch- 
stone is thus retained in a ^vide and really textural signification; 
the fiekct that such rocks are commoner among acid lavas did not 
prevent the earlier writers from speaking of the passage of basalt 
into pitchstone. 

The pitchstone-oondition of igneous rocks may be brouf^t 
about by the commencement of secondary devitrification as well 
as by the presence of primary crystallites. In such cases micro- 
scopic sections will often show how the crystalline partidas 
have arisen alons cracks, such as the perlitic joints, instead of 
being uniformly diffused or drawn out in bands througnout the 
mass, as occurs when they are of primary origin. 

When it is impossible to use accurate prefixes, the highly 
glassy rooks may be conveniently classed under one of the 
Sallowing groups, •.#., merely as obsidian or taohylyte.* 



*For the behavtonr of some natural gbnsM on trtataieat Iwlere the 
Wo<qojpe, 486 p. KM. 
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L Obsidiak Gboup. 

Obsidian is an old term, said by Oaesalpinas to be derived frcMn 
Obsidius, the discoverer of the rock. It may be applied to the 
more highly silicated glasses; the^e are also fairly rich in alkalies. 
Their common characters are a low specific gravity, a marked 
conchoidal fracture, a high fusibility (about 5), and colourless 
or pale sections in which magnetite is not conspicuous. Small 
splmters are commonly transparent, not merely translucent^ on 
thin edges. 

Perlitic or columnar jointing occasionally interferes with the 
broad conchoidal fracture. The larger joint-6uriiEU)es are usually 
dull and stained with brown limonite, and the banded or other 
structures can be well seen upon them. Fragments of lithoidal 
or glassy lavas, often from other portions of the same flow, are 
common as enclosures in the glass. 

Rhyolite-Glass. — I. This is the most completely vitreous rock 
in nature, and forms the obsidian of Lipari and the Yellowstone 
Park. It is black or greenish in mass, like bottle-glass, and is 
almost colourless in thin splinters. Some varieties are glossy or 
almost silky-looking through the presence of minute vesicles, or, 
when inclining to the pitchstone-type, through abundance of 
minute crystallites. 

When perlitic structure is well developed, as may be seen on 
the joint-planes, or by the globular forms on fractured surfaces, 
the rock becomes pale and sometimes pearly in lustre through 
the presence of the minute cracks. Beautiiul examples, often 
called "Perlites," occur in the Hlinik valley, near Schemnitz, 
Hungary, and at Sandy Braes, in Go. Antrim. 

Rhyolite-glass may contain porphyritic crystals, spherulites, 
or lithophyses, and will exhibit in the most perfect manner the 
banded, fluidal, and pumiceous structures. The larger spherulites 
are often hollow at the centre, probably through the action of 
fumarole-vapours and permeating liquids, which have had little 
effect upon the surrounding glass. See p. 98. 

The old glasses altered by secondary devitrification cannot be 
distinguished megascopically from the similarly altered lithoidal 
rhyolites. In North Wales, as on the east flanks of the Glyder- 
fawr, the Ordovician obsidians contain hollow spherulites an inch 
or two across; and the lithophyse-structure is well seen here and 
in the hill to the north of Conway. 

Specific Gravity, — About 2*35. 

IL Abundance of colourless imperfect rod-like crystallites 
(fig. 41), and occasionally of the opaque hair-like carving forms 
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laiown u "trichiteB," chftntctoriaei sectioni of rhjolite-glus. 
As the pitchBtone-condition is approached, the microlitea are 
Men to be more nnmeroua and their crjstol-ontlines can often 
be determined. They nrely build iip anything approaching the 
tkeleton-crTBtala of more basic glasBea, but aggregate into sheaf- 
like and plnmoae forms, often of exquisite delicacy. The pale 
green hornblende microlitea forming feathery groups in the 
pitchstone of Corriegilla in Arran are among the best known 
examples of this axial ftnd curvilinear type of aggregation. 

The glassy matrix is colourless to translucent brown, or often 
colourless with browner bands. 

Sphenilitic and perlitic structures can be studied admirably in 



Fig. -(2.— Altered Spbamime Ob* 

._ _ ... _.. aidimC'Pjromeride"), Wasn- 

P»rk, n.S.A. X 12. Brown heim, Vwges. x 7. V»rion» 

BplierDlilei in colon rlewglau. typei of perlitio itniotDrB are 

Nomannu microlitea in naidkl seen in the dciritriGcd bnt oooa 

Unea, and minnte colourlaaa glaaay matrix, 
•pliarslitaa, best ie«n where 
included in the later and larger 

rhyolite glass, and they frequently occur together. The perlitic 
obaidians of the Wrekin area, devitrified by secondary action, 
hare been figured by Mr. Allport (Quart. Joum. Geol. Soo., 
1877); and the typical "pyromeride" of Wuenheim in the 
Tosges (fig. 42), with reddish spherulitea and perlitic matrix, 
can be exactly paralleled among the glassy rocks of Hungary, 
(See p. 2i4.) 

Trachyte-GluB. — L Like rbyolite-glass in most respects, but 
with typically a higher specific gravity ( = 2-4), and a greater 
tendency to the production of pitchstone-types. Ischia provides 
many examplei. 
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IL Qaarte is rare as a porphyritio constitttenty and «lbite utd 
-oligoclase become common. Glassy matrix and straotores aa ml 
Thjolite-glass. 

Andeslte-Glass in part. — ^The typical glass of the riiyolitic and 
trachytic andesites may rank as obsidian; that of the frumltir 
andesites is tachylytic. 

L Though the pumiceons tjrpes are not distingoishable from 
those of trachyte or even rhyolite, the glasses are less pare and 
are duller in lustre. They are, moreover, rarer in the field, and 
«ven the pitchstone-types contain so many well developed crystals 
that they readily pass into a lithoidal condition with mere '*iiiter- 
«ertal " glassy interspaces. 

Specific Gravity, — ^About 2*5 to 2*6. 

II. The porphyritic crystals are plagioclase, soda-augite, and 
<»ecasionally enstatite, ofben with biotite and more rarely horn- 
blende. A mesh of felspar microlites may be seen developing in 
the groundmass and foreshadowing the <' felted " appearance so 
characteristic of lithoidal andesites. Spherulites, and other 
structures inconsistent with the formation of abundant in- 
dividualised crystals, are rarer here than in the glasses pre- 
viously described. 



II. Tachylyte Group. 

Breithaupt * proposed this term for a basic glass — ^treated by* 
him as a mineral — ^firom the Sasebuhl near Gottingen, the word 
indicating " rapidity of fusion " before the blowpipe. Despite 
frequent misspelling, the **y" in its termination {ra^vc and 
XvTos) should therefore be preserved. The name appears to be 
synonymous with the " Gallinace " of old authors — a term known 
to Faujas St. Fond in 1778, and derived from the gallinazo, a 
black carrion bird of the Andes. The tachylytes are basic 
glasses, and are naturally of more limited occurrence than the 
•members of the obsidian group. Their common characters are 
A &irly high specific gravity, abundant dose-set joint-planes, a 
low fusibility (about 2*5), and dark-coloured or even opaque 
sections. Small splinters may show neither transparency nor 
4aranslucency. They become soft by hydration, producing an 
altered mixture of silicates styled *' Palagonite ; " when fcmb^ 
however, they are as hard as obsidian (« about 6). 

Andeslte-Glass in part.— The glass of basaltic andesite fiiOk 
liere. 

•Kaetner's Archiv/Ur die geeammte Naturlehre, Bd. vii, (1S28), p. ia 
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L Tfak DMterial, eren ia tbe pitohttone-ooiidition, ii rare, but 
-may be found on kk^a-sttrfaoes and in lome d jkes. Tbe colour k 
deep brown to black, but tbe surface only occasionally attains tbe 
high TitreouB lustre of obsidian. Certain interesting by persthene- 
Andesite-glasses from Hungary sbow red-brown spberulites in an 
almost dull black ground Tbese spherulitic types possess ad- 
ditional importance on account of their resemblance to the 
^'variolite" of the Western Alps, Anglesey, &c 

" Yariolite " is, in &ct, a form of spherulitic andesite-glass or 
basalt-glass, altered by secondary deritrification. It is dark green 
{or rarely grey-brown) with light greenish white spberulites, 
which are sometimes 2 cm. in diameter. In the typical area of 
Mont-Cten^vre, near the source of the Durance, it occurs very 
extensively as a selvage to the surfaces of much altered andesitic 
or basaltic lavas. In most collections pebbles of variolito occur, 
which have been gathered in the rivers of the Hautes Alpes. 
On some of these perlitic structure may be noticed, the cracks 
appearing of a lighter green tint through the development of 
epidote. 

Specific Gravity, — About 2 '65. 

II. The features of the andesitic obsidians are found here in 
«n exaggerated form, and crystallisation is carried to a farther 
extent. Perlitic structure is decidedly rare. The '* pitchstone " 
4>f Eskdale in Dumfries is an approach to andesitic tachylyte, 
and is full of well marked felspar crystals (see fig. 36, B). 

The spherulitic varieties repeat the general characters of the 
corresponding acid rocks; but the spberulites, which are brown 
in section, may often appear complex, as if built up of rays of 
different composition. This view is supported by the different 
extinctions of adjacent rays or sectors. The constituents of the 
spberulites are markedly pleochroic. 

The glass is typically a yellow- brown, a colour sometimes 
retained in the palagonitic altered examples (fig. 22, p. 196). 
Most of these are, however, green; they show a faint effect 
between crossed nicols, owing to the double refraction of the 
hydrous constituents. By development of magnetite dust and 
minute aggregations of diark crystallites, the glass may become 
practically opaque. 

The variolitic varieties, corresponding to the " pyromerides " 
of the acid series, have a greatly altered groundmass, in which 
epidote is extensively developed. The spberulites consist of deli- 
cate feathery and branching rays, and lose their sharp boundary 
in specimens collected about 5 cm. from the original surface of 
eoding of the rook. As this ancient glass passes into the lithoidai 
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mass of the lava, areas of radiall j arranged felflfMur, which are 
sections of sphemlitic groups, tiuce the place of the typical 
spherulites in the slide. 

Olivine-Basatt-Glass. — I. This is the typical tachylyte, and may 
contain porphyritic olivine in the most basic examples. It 
occurs as lava-crusts, scoriaceous or compact (as in Hawaii), or 
as a selvage to dykes (as in the Western Isles of Scotland). It 
has a vitreous to resinous lustre, and is black or blue-black, with 
dull brown joint-surfisbces. These are often so numerous that the 
true character of the rock appears only on artificial fracture. The 
typical glass is barely translucent, and the abundance of magne- 
tite dust in some examples makes their powder magnetic. The 
easy fusibility must be noted. 

Dull brown spherulites occasionally appear. ScoriaceouB 
slaggy types are common among modem lava-sur&ces ; but 
pumiceous types are very rare. The 'Hhread-lace scoria" of 
Hawaii and the filaments of '* P^l^'s Hair " show, however, how 
complete a glass can occasionally be formed from oil vine-basalt. 
The basalt-glass of Hawaii forms a scoriaceous crust some 2 inches 
thick upon the lavas, and a crust resembling bottle-glass upon 
those in the crater of Kilauea. Lava-flows of glass, comparable 
to the obsidian-streams of the Yellowstone, must not be expected 
in the basic series. 

Yariolitic representatives of olivine -basalt -glass occur in 
Anglesey and Oo. Down. See Andesitic Tachylytes above. 

Specific Gravity. — About 2*7. Sometimes as high as 2*9. 

it. The microscopic characters repeat those d(5scribed under 
the andesitic tachylytes. Crystallites of magnetite grouped in 
crosses, and other skeleton-crystals, are abundant in the brown 
groundmass, and spherulitic and sheaf-like aggregates are com- 
mon. When the magnetite is aggregated into little cubes, the 
glass may be clear brown and translucent ; but when it is finely 
disseminated as dust, only the porphyritic crystals can be seen in 
an absolutely opaque black groundmass. Reflected light may 
reveal in such cases spherulitic or other structures. 

The porphyritic crystals may be as intensely corroded as those 
in many andesites. Olivine is abundant as a porphyritic con- 
stituent in many basalt-glasses from HawaiL 

The microscopic appearance of " variolite " has been touched 
on above among andesitic types. The yellow or green ''pala- 
gonites " often represent oli vine-basalt-glass. 

Peridotite- Glass. — Chemical analysis must be resorted to 
before a tachylyte can be safely referred to peridotite. It 
may be possible, however, in the field to trace some examples 
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into praciicall J holoorystaUine rocks oonaisting, of pyroxene and 
olivine only. 

Specific Gravity , — ^About 2*85. 

Note. — ^The glaat of the nepheliDites, leuoititei, &c., ii lo little known 
as to demand no •eparate description. 



Finally, it may be useful to indicate in a general table the 
grouping adopted for the igneous rocks in the foregoing pages. 
The great and important names are printed in thick type; 
those of rocks with both felspar and a felspathoid in small 
CAPITALS ; and those of the rare rocks, in which the felspathoid 
entirely takes the place of the felspar, in italics. Nepheline is 
used in the table as the representative of all the felspathoids. 
(See next page.) 
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TABLE OP IGNEOUS ROCKST. 



HolooiyaUUine Type. 


Hemiorystollina or Glaaigr 
Representatiye. 


J Granite. 

* Earite (Qoartz-Felsite). 


Rhyolite. 


.Syenite. 
Xompaet Syenite. 


Trachyte. - 


Nsphslihi-Stbnits. 

COMFACT NlFHSUXXSTEinn. 


N«PHiuinB-Ta40HTiB (Nkfhs^ 
unx-Phohoutb). 


1 Quartz-Diorite. 
Quartz-Aphanite. 


Rhyolitic Andesite. 


Diorite and Gabbro. 
Uphanite and Dolepite. 


Traehytie and Basaltic 
Andesites* 


KxPHBLINX-DlOaiTB. 

Nsfhelinx-Aphanitx. 


Nxphslinx-Andbsits (TsPHBnn}. 


Nephelinite. 


HemicrystalUne NepkdmU^ 


Olivine-Gabbro. 
Oliyine-Dolerite. 


Olivine-Basalt. 


NiPHZLINX-OLIVnnE-GABBKO. 
NlPHEUNX-OliiyiKB-DOLEBlTS. 


NiPHKLDnB • Oliyinb - Basalt 
(Nephxlins-Basamitx). 


Olivine-NephdinUe. 


HemicryitaUine Olivine • Nephd- 
inite. 


^ Peridotite. 
Compact Peridotite. 


Hemicrystalline Peridotite. 
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CHAPTER XX. 

MBTAMORPHIO BOOKS. 

Tbb defi^nition of a metamorphic rook must always be a matter- 
of opinion. We include here those rocks in which new crys^ 
talline developments, or new stmctnres, or both, have arisen 
under the influence of subterranean heat, or pressure, or actual 
earth-movement. 

From this point of view such rocks as "epidiorite" and *'flaser- 
gabbro," and many of the Webh devitrified obsidians, should be 
treated as metamorphic. We must refer back to these, and also 
closely compare our notes on consolidated sedimentary masses 
with the present remarks on their more altered representatives. 

Foliation is the structure most commonly to be met with in 
truly metamorphic rocks. In fine-grained materials cleavage 
may arise, often as a prelude to foliation. Brecciation, and ti^ 
drawing-out of the fragments into folia by earth-movement, are 
closely allied processes, and the rocks resulting from these opera- 
tions may be found passing into one another in the field. 

A. Bocks affected by Contact-Metamorphism. 

The embryo-crystals and ill developed forms in these baked 
and altered sediments give considerable trouble in determination. 
The crystals are often &r more vague under the microscope than 
in the rock-mass, since their boundaries shade off imperceptibly 
into the amorphous or granular groundmass, while they contain so 
much uncrystallised matter as to present no clear optical char* 
acters. The groundmass may be fused in places to a glass, as is 
the case with the cement around the sand-grains in some altered 
sandstones ; or it may appear practically earthy and unaffected* 
Signs of cleavage^ or even a foliated structure, are apparent 
when the minerals have developed along definite planes in the 
rock, which are often, in cases of mere contact-alteration, th» 
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original bedding-planes. Some beds may be found to have been 
more susceptible to mineral changes than others in the same 
«eries. 

Spotted Shale. — L The shalj mass is full of dark brown or 
black spots and patches, with an attempt at regular outlines. 
These are mere '^ pigment-spots,'' or actual embryo-crystals, 
and show no true laces or specific characters. Mere contact 
with a dyke will sometimes produce this type of alteration in 
the shales or slates around. At times recognisable garnets may 
be developed. 

IL With the microscope the dark spots may show some signs 
of cleavage, pleochroism, &c., like the biotite patches in the rock 
of Tirpersdor^ Saxony. Many remain, however, in a cloudy 
condition, and remind one of the dusky undetermined matter 
surrounding spherulites in vitreous rocks. Little patches of 
garnet may be picked out by their high refractive index and 
their isotropism. 

Slaty Bocks with development of Additional Minerals. — Iron 
pyrites, in fair sized cubes is a common product near the junc- 
tion of argillaceous rocks with an igneous mass. Examples may 
often be seen in Wales, either in the Snowdon or the Cader Idris 
areas. Mica, light or dark, very readily arises along the divi- 
sional planes, and garnets, red-brown and lustrous, are sometimes 
found. Andalusite and staurolite are frequent, especially the 
former, neither mineral being well defined in such cases when 
•examined microscopically. Ohiastolite is sometimes seen, in 
long well bounded white prisms, in the dark grey groundmasa, 
4tB, for instance, on the flanks of the Skiddaw granite. 

Secondary quartz generally arises in some portion of the 
mass, in the form of white knots or veins, and its introduction 
mny have been connected with the hot liquids accompanying 
tho close of igneous action. Small granular secondary felspars 
may also be developed ; and the whole series of changes bridges 
•over the gap between mere contact-products and rocks that 
might be attributed to the larger processes of regional meta- 
morphisro. 

Baked Shale. — I. A very common form of alteration along 
the edges of ordinary dykes. The rock, which may be a volcanic 
:ash or a clay, loses its shaly character, and a partial fusion seems 
to take place. It becomes too hard to be scratched with the 
knife, breaks with a fairly good conchoidal fracture, and appears 
like a dull porcelain ('< Poroellanite '') to the eye. The cok>ur is 
usually grey or black ; a slight effect of iridescence, as from a 
multitude of minute glancing unAceB, is sometimes noticeable - 
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as the rook is turned about in the hand in sunlight. Some 
*' Lydian Stones " come under this heading. 

n. A confused partially melted and recrystallised groundmass 
appears in section, ofben with rod-like and hair-like microlites. 
When the section has traversed the igneous rock and the contact- 
rock as well, the line between the two is typically sharp ; but 
cases occur where the glassy selvage of the former and the 
metamorphosed sediment simulate one another. Actual trans- 
fusion seems much rarer than one would at first suppose. 

Altered Limestone. — A crystalline granular structure may be 
set up in limestones by contact-metamorphism, and only traces 
of previous structures, fossils, or of the original colouring, may 
remain. The magnificent series of silicates developed in the 
limestones of Monte Somma and in Tyrol, by interaction with 
volcanic intrusions, is known to all collectors.* Many *' Oalci- 
phyres" and *' Amphibolites" have no doubt been produced by 
contact-metamorphism, involving sometimes a transference ol 
material from the igneous rock.f 

Altered Igneous Rocks. — ^The baking of one igneous rock by 
another is a common phenomenon. Andesites thus become 
compact and flinty ; the surfaces of basaltic flows may become 
reddened by oxidation, when heated by a succeeding flow; and 
so on. The most striking changes are, however, produced when 
the rock penetrated melts at a lower temperature than the 
invading rock. (See pp. 216 and 225.) 

B. Bocks affected by Begional Metamorphism. 

The granulation of the original constituents, the deformation 
or reconstruction of them as lenticular folia, and frequently the 
entire recrystallisation of the mass, characterise this very im- 
porta;)t group of rocks. It is often almost impossible to deter- 
mine if the foliation in the coarser types is due to original 
igneous flow, or to deformation subsequent to consolidation; 
or, again, how far the minerals in a given schist have de- 
veloped under pressure and earth -movement, or under the 
influence of the "regional contact'' of some igneous mass 
hidden down below. The extreme improbability of finding 
fossils in crystalline schists makes their correlation with 

*8ee Mierisohy "Die Auswurfsblocke des Monte Somma,'* Tscherm, 
MitUieil., 1886, p. 113. Messrs. Gregory and Lavis have carefully studied 
the oriffin of the serpentinoos limestones of the same area, and have com- 
pared their strnoture with that of the supposed fossil EozoSn {8ci, TVtww. 
M. DMin Soe,, ser. 2, vol. v., 1894, n. 259). 

tSee discussioQ in G. Cole, *' Metamorphic Rocks in Tyrone and 
Donegal/' TroM. R. /. Aead.^ vol. xxxi. (19(K)), p. 460. 

18 
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maj nnabered Tepreeentative*! a matter of the greatest difficoHy ; 
and the numerous folds, fisiults, and thrust-plajies accompanying 
foliated masses in the field allow several completely opposed, bat 
equally convincing, explanations to be put forward whenever a 
section appears to show the continuity of a fossiliferous sediment 
with a schist. Such possible cases, however, must be diligently 
sought for by workers in metamorphic areas ; and even where^ 
as usual, no safe deductions can be made, the fftcts observed 
should be noted with the most patient observation. The study 
of deformed and crushed, but truly fossiliferous, deposits oaxmot 
£ul to be of the greatest service in this connexion. 



L Obtstallinb Limestones. 

The n^jority of the "Marbles" come under this heading. The 
limestones of metamorphic areas become distinctly crystalline, 
and the grains of calcite may attain a diameter of 3 or 4 mm. 
Where, howev^, crushing has accompanied the change, the 
individual crystals are reduced in size, and the rock becomes 
compactly microcrystalline. The crystallisation, and perhaps 
partial removal, of the non-calcareous matter leave the calcite 
mass often marvellously pure, as in the famous statuary marbles. 
At other times, as in the central Highlands, the rock is typicaUy 
grey, but can at once be distinguished by its softness from 
any associated grey quartzites. Dolomites in a similarly highly 
crystalline condition must be tested with hot acid. Specimens 
of crystalline alabaster (see p. 208) must be compared with 
statuary marbles, and the difference of hardness and specific 
gravity noted. 

Serpentinous veins traverse many of these marbles and give 
them a tinge of yellow-green. In some cases the limestone or 
dolomite becomes so permeated, and its original^condition so 
obscured, that it must be classed merely as an " ophicalcite." 
Such masses may have resulted from the destruction even of 
igneous rocks containing calcic and magnesic silicates. 

Secondary minerals are to be seen in some limestones with the 
naked eye. The '^Oipollino " of the Italians is rich in flakes of 
silvery mica, or sometimes of a brilliant green chromium-variety. 
Pale ampbibole occurs in long prisms in some of Brongniart's 
** Calciphyres," ♦ and pyroxene in green granular forms is absn- 
4lant in others, as in the pink marble of Tiree. In all eases of 

Claa^if. miniraL des roehea mHang^es, 181S, p. SS. 
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altered limegtoneft, the residue ai^er boiling wiUi acid mutt be 
examined, and often microchemical or blowpipe teats can be 
applied. 

IL The calcite granules are seen to be closely paclsed together, 
and often interlock with one another and assume irregular 
boundaries. Twin-lamellation is conspicuous. In dolomites 
this is absent, and sections of distinct rhombohedra are usuallj 
seen. Any accessory and separated silicates in the calciphyres 
may not be readily seen at the first glance, being typically 
colourless in section ; but the polariscope reveals them by their 
tints, which are much lower than those of the calcite. Ser- 
pentinous limestones often show ovoid residual grains of olivine 
(t monticelliteh The minerals developed in limestones in the 
neighbourhooQ of volcanic vents prepare one for the most 
remarkable associations of silicates in these more extreme 
metamorphic types (p. 273), and, by interaction with a slowly 
cooling igneous mass, even amphibolites may become built up on 
a fiairly regional scale. 

The residues after treatment of the rock with acid ' afford in 
mo>t cases well-marked crystalline forms. The flat plate-like 
crystals showing low colours between crossed nicols were described 
by Lory as felspar (albite), and their development in various 
crystalline limestones is a matter of great interest, particularly 
if the geological age of the rock-mass can be ascertained. Such 
crystals, wich oblique extinctions, may often be found in the 
residues of Alpine marbles.* 



IL QUARTZITBS. 

L Profl Bonney has pointed out how the most altered forms 
of quartzites arise from sandstones that were originally pure, the 
deposition of new silica, and the consequent interlocking of the 
grains into a/uniform whole, being impeded by the presence of 
clayey or other foreign matter. We have already described, 
under Sandstones, the ordinary characters of these cemented 
types. In metamorphosed areas, quartzites may resist the forces 
which cleave the surrounding masses or which convert them into 
foliated rocks ; and they may thus be useful as a clue to the 
original stratification of the district. By their superior hardness 
and their composition, they stand out in white or grey bands 
and bosses among the more easily decomposing schists. 

* IsmI reports the discovery of albite crystals which have formed roni^i 
Radiolarian skeletons in a limestone of Tertiary age. OompU9 MenduSt mi 
F^Trier, 1890, and Ann, del Jiuseo di Oenova, 1890, p. 91, pis. v. and vi 
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Mica often oocnn in quartiite, and, by its primary presence or 
its development^ allows of a foliated structure. The rock may thus 
break along new planes which are rendered lustrous, commonly 
by a pale mlTery mica. The most beautiful and regular develop- 
ment of this schistose structure is to be seen in many '* flaggy 
gneisses," which split like finely laminated sandstones, and 
which consist almost entirely of quartz and mica. The delicate 
divisional bands formed by the latter may sometimes represent 
stratification ; but more often they result from movement under 
pressure, and must be compared in the field with similar planes 
in the adjacent masses. 

n. In truly metamorphic quartzites the deformation of the 
rock and its partial crushing are traceable in microscopic slides. 
Individual grains show bands and waves of colour when the 
section is rotated between crossed nicols, and they are often 
drawn out into wisp-like forms with irregular boundaries, and 
are in part broken away and granulated. Lines of liquid- 
enclosures often run through from grain to grain in £urly 
parallel planes across the rock, solution of the interior of the 
crystals having taken place, perhaps as a prelude to actual 
shearing. (Compare fig. 19a, p. 140.) 

The grains of felspar and other bodies in quartzites derived 
from grits are similarly distorted, and they may be surrounded 
by a zone of comminuted fragments. Some parts of the rock 
have at last given way altogether, and a fine-grained quartz-schist 
has resulted, with delicate foliated effect. These crushed and 
rolled out portions may appear in a remarkable manner in 
a section, side by side with the coarser granular type of 
rock. 

Cracks abound, but are filled with chalcedony or a fine 
mosaic, which is, indeed, a sort of microscopic granular 
fault-rook. 



III. Olsavkd Rocks. 

Slate. — I. This is the typical cleaved rock, since only fine- 
grained masses, in which the minute constituents are plate-like 
or acicular in character, can develope the structure with such 
perfection. The stratification, shown by '< stripes" of a difierent 
grain or colour, must be sought for in the field, since cleavage 
and lamination rarely correspond. The common colours of 
slate, as is well known, are blue-black, purplish, and greenish. 
Minute mica scales may develope along the cleavage-planes, 
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and a wrinkling of the latter at the same time produces the 
link with mica-schist, called ''Phyllade'' by d'AuDaissoD, and 
** Phyllite " by many authors. 

The distortion and gradual obliteration of fossils in slates are 
interesting points for study. The original " clay-galls " and 
nodules similarly become ovoid, and their longer axes no more 
lie in the planes of bedding. Small faults are commonly seen 
in slates which show "stripe." (See Teall, Geol. Mag., 1884, 
pi. 1.) 

Iron pyrites is a common accessory. Magnetite is probably 
frequent, but its little grains are obscured by the dark colour 
of the rock. 

In the field there is often difficulty in realising, on looking at 
a great cliff-wall of slates, that the cleavage-planes are not those 
of stratification. They are here and there emphasised by 
weathering, and iron-rusts form in places so as to mark out 
particular planes. Hence a false appearance of bedding may 
be produced, particidarly at a distance. Any hard bed, especi- 
ally sandstone, deposited among the original shales, will readily 
correct such an impression (p. 275). 

II. In sections, all the transparent microlites and grains seem 
lying with their longer axes parallel to one another. Of course 
these may have a yet longer axis in a direction oblique or 
perpendicular to the plane of the section ; but in cases where a 
creep or flow of the materials has occurred, a section is possible 
v^hich shall practically show each particle with its maximum 
elongation. (See p. 135.) 

The impure and darkened groups of kaolin-flakes, or plates of 
mica, are pressed out or develop as extremely flattened lenticles, 
so that, when cut perpendicularly to the cleavage-surfaces, fine 
dark lines run parallel and close-set through the slide. By 
reflected light any grains or crystals of iron pyrites and mag* 
netite are easily seen. 

The transparent constituents consist very largely of mica. 
Butile seems invariably present, and titanium dioxide commonly 
forms, as shown by analyses, '50 per cent, to *95 per cent, of the 
rock. Eeferences to detailed papers on slates by Mr. Hutchings 
are given on p. 199. 

l£my slates result from the action of pressure on volcanic 
ashes. The minute pumiceous particles are often traceable, and 
larger crystal-grains occur, some of which contain intruded glass, 
as an indication of their volcanic origin. When the material 
ejected is of basic character, it will be altered to yellowish 
streaky products and is very likely to be nnreoognisable. Even 
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in sacH cases, fragments of the porphyritic crystals may appear 
in a saggestiTe manner. 



lY. DiSTINOTLT FOLIATSD RoCKS. 

This group includes the schists and gneisses, the origin of 
which has heen so widely discussed throughout the nineteenth 
century. The fact that such rocks may arise at any period in 
the earth's history is now generally recognised. The so-called 
'* fundamental gneiss '' of many areas has again and again been 
shown to be intrusiye in still earlier sediments; while composite 
gneisses are fairly common, which result from the intrusion of 
sheets of igneous rock between the foliation-planes of an earlier 
schist^ or even the bedding-planes of a sediment. Kosenbusch 
{Slemente der Gesteinslehrej 1898, p. 467) uses the term " orthp- 
ffneiss'' for gneisses derived from igneous rocks, and '^paragneias" 
K>r those formed from undoubted sediments. English writers 
use the word '' schist" for all well foliated rocks i ailing short of 
the coarser and more felspathic type termed ^< gneiss." It must 
be remembered that the French ^^schiste** and the German 
**8ch%efer" include, in addition, rocks where the lamellar structure 
is due to bedding, and where no secondary mioeralisation has 
gone on. 

In the field these rocks form a most fsiscinating study, since 
they are associated with the finest mountain-scenery, and assume, 
when unglaciated, the boldest and sharpest outlines. But the 
correlation of closely adjacent portions of the same rock-wall 
must be undertaken with the utmost caution, owing to the 
intricacies of faults and thrusts. As Prof. Lap worth has again 
and again pointed out in the N. W. Highlands, metamorphio 
masses may result from the mingling together of pieces of 
completely different formations, so that they cannot be styled 
** altered Cambrian,'' <' altered Silurian,'* or so forth, but possess 
no age other than that of the crushing and rolling processes to 
which they have been together subjected. 

Numerous schists and gneisses result from the deformation of 
rocks already holocrystalline, that is to say, of aphanitea^ 
dolerites^ or granites. Such deformation is accompanied by 
some mineral changes; but the ultimate bulk-analysis of the 
xock may remain much the same. The margins of igneous 
masses or dykes in all contorted or faulted areas are likely to 
show signs of such alteration, and in hand-specimens may be 
indistinguishable from the results of regional metamorphism act- 
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ing on aedimentary rocks. The division of foliated rocks into 
altered sediments and altered igneous masses is beset with sack 
enormous difficulties that we must be content merely to bear in 
mind the possibility of either origin, and to seek diligently for 
elucidation in each case as it comes before us in the field. Thera 
is, however, a growing feeling that the great majority of amphi- 
bole- and chlorite-schists, a few mica-schists, and many gneisses, 
have their origin in igneous rocks ; while in many cases original 
flow, and not metamorphism, is responsible for their special 
structures. (Compare p. 102.) 

We should note that microscopic sections of foliated rocks 
should be taken perpendicularly to the edges of the folia. 

Sul>-group 1 — Schists. — ^These are rocks in which the foliation 
is little interfered with by large crystals, and in which the differ- 
ence between the mineral constitution of successive layers is not 
so marked as in the coarser gneissic type. The folia are often 
intensely crumpled; but separation of the rock occurs parallel 
to their surfaces rather than along other divisional planes. 
When garnets, &c., are developed during metamorphism, they 
cause the foliated materials to fold over and flow round them, so 
that the obstacle, with the curving layers meeting again on 
either side of it, resembles an eye. Tlus gives the ''eye-stmc* 
tnre," which is seen on fractured surfaces perpendicular to the 
foliation-layers, and which is far more strikingly developed in the 
gneisses. 

Pro! Lapworth has styled " mylonitic " (/cu/Xcur, a mill) those 
cases where, in section, the larger lenticular constituents are 
surrounded by a cryptocrystalline or amorphous paste, itself 
lying in "a flowing microscopic tissue of opaque fibres and 
strings," as if the whole had been ground to flour between mill- 
stones. Such '^ mylonitic rocks are compact and slate-like." 

Finally, we must be prepared for rocks, truly stratified, which 
simulate schists, from the fact that their materials are derived 
from the weathering away of truly metamorphic rocks. . 

Mica-Schist. — L This is by far the commonest metamorphic 
rock. The lustrous folia of mica, now in broad swelling curves^ 
now wrinkled, now bent into the sharpest folds, disguise the 
other constituents and appear to constitute the mass. The 
mica is generally a pale species, and rarely appears black. 
Quartz can generally be detected, sometimes in great segregated 
nodules or in veins. Cramet, red and well seen on fracture, is 
almost always present, and forms little '^ eyes " in the foliation. 

The use of the thumb-nail will distinguish fine-grained mica- 
schist from talc-schist^ in additiop to the higher lustra of tli» 
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mioa. With the knife the pecnlur gnting 101111(1 of the mioa 
■nrfKoea can euilf be deteot»d. 

Staurolite, imdalusite, and kyantte occaaionallj' ooenr in mica- 
■ohiite. The best known apeoimeoa of k^ftnite are found in » 
jellowiah lilreiy pantgonite- (aodinm-micft-) schist front th« 
■onth side of the St. Qottbard pass. 

^pical mioa-schist has a silica peroentag« of about 60. 

II. The niioa la most commonly oolonrliss, with atiingB of ill 
defined greenish and greyish 
matter interfoliated with it. 
Oraanlar quartz and some 
felspar, often arranged in 
streams, occur. The eye-struc- 
ture due to the presence of Q 
round garnets is excellently 
seen in sections (fig. 43). 

In finfr-grained examples a 
double wrinkling and foliation 
may sometimes be traced, 
arising at two distinct periods 
of pressure and movement. Fig e.-Mio-Schirt. Suony. x 7. 

In examining the elide we ^_ Gimat, pile pink, and show, 

must never forget the solid, mg tiena of clMvage. m. Colour- 

and we must note that the >••• "■<». *«nt uid drawn out ia 

sections of mica, for example, k'sr^'^ujL."" ^1^ 

aU of which exhibit cleavage, J'^^i^^^^^^ to' the 

are cut from extended lenticu- folution-Uyers. 

lar patches, the union of their 
basal Burfaoea oonatltuting the glancing folia of the rock. 

Cblorlte-SchlBt — L This is qnite a rare rock compared with 
the preceding. It is dark green, with black-green sttkles on the 
■urfitcea of foliation, and is typically rather fine in grain. The 
softness ia characteristic, the whole having a soapy feel in the 
hand. In the field the absence of the glancing surfaces of mica, 
and the general darkness of the rock exposed, mark it ont from 
mica-schist. 

Magnetite is the commonest accessory, the rook being veiy 
poor in silica (perhaps as much as 30 per cent.). The ocbdiedis 
of magnetite, black and metallic, are often beantifiilly developed 
in the green scaly groundmass, and are sometimes surrounded 
by a epherulite of radial chlorite, which looks like a rosette 
when fractured. 

Teina and little patches of epidote may occur. 

n. Hie chlorite appeara ia fiakea and fiu-lHce groapa; th» 
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olearage of the mineral it irregular and much disturbed^ 
Magnetite it identified by reflected light. Small brown rutilee 
very commonly occur. 

Iwpentine-SchiBt. — L This is a common rock in some moun* 
tain-districts, such as the Western Alps, and is derived, in a 
great number of instances, at any rate, from the crushing of 
altered peridotites. The colour is dull green, lighter than that- 
of chlorite-schist ; sometimes blue-green or purple. The foliated 
surfaces are soapy-looking, and bent in fairly broad folds f 
slickensides abound. The rock, indeed, breaks in the field along 
joint-surfaces and slickensides quite as often as along the planea 
of foliation. 

Some few serpentine- schists can be traced into more normal 
types of schist, and appear to result from the permeation of 
aluminous schists by serpentinous matter. The percentage of 
silica in serpentine-schist is about 40. 

n. Sections generally show excellently the folding and move- 
ment undergone by the soft yielding rock. The whole field is a. 
pale transparent green. Garnet, epidote, and magnetite may occur. 

Talc-Scnist. — ^L A somewhat rare magnesian schist, light in 
colour, generally pale greenish or pure white, with a silvery 
and pearly lustre. The rock feels soapy to the hand, and its 
lardness » 1. 

Quartz grains and patches often occur, and needles of actino- 
lite may l^ scattered on the foliation-surfaces. 

The silica percentage rises at least to 55, being reduced from 
that of pure talc by presence of mica, &c 

n. The talc is more easily distinguished in the mass than 
in section* Quartz granules form quite a mosaic along certain 
bands, and are commonly abundant. 

Amphlbole-Schist. — Many " Amphibolites " come here, 

L Next to mica-schist, Homblende-Schist is one of the com- 
monest metamorphic rocks, and results in very many cases from 
the foliation of altered basic igneous rocks. The rock is commonly 
green-black, with a lustre due to fibrous or somewhat plate-like 
hornblende, quite distinct from that of a dark mica-schist. The 
lavers of hornblende, which are less crumpled than those of mica- 
schist, are seen to alternate with thin lighter bands of fels^r, 
quartz, and sometimes epidote. Dark mica is an accessory. The 
knife must be freely used in determining the constituents. 

The rock breaks more readily along joints, and more evenly 
<m cross-fractures, than mica- schist, since the materials are 
granular and idiomorphic rather than spread out into lentides. 

In the field, dolerites and aphanites can be seen to pass into 
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homUende-Bchist, the rock being often onlj an extreme type of 
^'epidiorite."* Even coarse gabbros, after some intermediate 
atages of mineral change, become rolled out into an ahnoat 
mylonitic condition and form granular homblendio schists. 

The silica-percentage is about 50. 

n. The hornblende is small ; granular or idomorpbic ; some- 
times fibrous and coarser. The typical cleayages and pleodiroism 
can be seen. Bands of granular clear colourless matter oecur, 
which show between crossed nicols a mosaic of low colours. 
These consist, in the majority of cases, of granular felspars, as 
may be determined with convei^nt polarised light. Twinning 
can be seen in some of the grains, and they consist of lime- or 
lime-soda-plagioclase, which has recrystallised in this oonditioii. 
(See also <<epidiorite," pp. 226 and 229.) 

Prisms of yellow or colourless epidote, or of zoisite, may 
be abundant. Pale pyroxene, sphene, and garnet should be 
looked for. Iron oxides, titanic or not, and rutile, are Tmry 
common. 

Nuclei of felspar or hornblende may be seen extending their 
boundaries by clearer purer additions from the metamorphio 
mixture round them. 

Other Varieties of AmpMbole-Schisi, — Actinoute-Schist. A 
pale or bright green variety, of limited occurrence, containing^ 
needles of actinolite. The name is sometimes given to a talo- 
achist with actinolite from the St. Gotthard above Airolo. 

Glaucophane-Schist. — I. This rock occurs in very important 
masses in the southern Alpine valleys, particularly near S. 
Marcel, in the Yal d'Aosta; and it has been found near the 
Anglesey Monument, on the Menai Straits, by Prof. Blake. 
Probably it is of wider range, but has been overlooked. Its 
colour is a characteristic slate-blue grey, deepening almost to 
black, but distinct from the green-black of common hornblende- 
schist. The prismatic habit of the glaucophane gives a silky 
lustre when this mineral is abundant. Faint yellowish veins of 
epidote traverse the rock, and this mineral is also found through- 
out the foliation-layers. Garnet is sometimes conspicuous (as in 
the '' Glaucophane -Edogites," which are intimate allies, if not 
actually to be classed as schists). 

II. Glaucophane, with its beautiful pleochroism and prismatic 
forms, abounds. Pale yellow epidote and quartz are commonly 
present. Gkimet, in pink grains, occurs in the '* eclogite " types. 
Kutile is well developed at St. Marcel. 

♦See particularly Teall, Qwurt, Joum. Otd. 5bc, voL xli. (1885), p. 133; 
mdBrUisk Peirogr., p. 198, plates zix. and zx. 
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Eol<^te (natij, 1822). — Oonsists of pyroze&e or amphi- 
bole, with garnet. In tbe typical rook, the pyroxene predomi- 
nates over amphibole, and is a bright green variety. Kclogite 
hM often a achistoae structure, and may in Bome cases be of 
mixed sedimentary and igneous origin. 

Calc-Scblst — I. This is the schiatose representative of the 
limeatones with acceaaory ailicatea, these minerala forming 
iDstroos specks and rods upon the planes of foliation. Most 
commonly the rock is & schistose "cipollino" (aeep. 274), the 
predoroinaBt silicate being pale silvery mica. At ShiuDesa, in 
Sutherland, amphibole (tremolite, ttc.) is developed in calc-schiat. 

The knife readily detects the true character of the rock. Ita 
colour is white to grey, and its general paleness makes its 
exposures in the field a contrast to those of the schists associated 
with it. Since it is far less fissile than ordinary schists, it can be 
quarried in regular blocks like other limestones. Wheo treating ' 
liie rock with acid, it must be remembered that calo«chiat in- 
cladea schistose dolomites. 

n. Nothing need here be 
added to what has been said 
under the head of crystalline 
limestones (see also fig. 23). 
•The silicates may be examined 
separately, if necessary, after 
treatment of tbe rock with acid. 

Qnartz-Schist. — Foliated 
quartzite with mica, &c. (see fig. 
44). See account of quartdtes, 
p. 276. Also grannlites. 

as coarsely developed schists, it ^ta. p. Gritty wuid»tone with 
is the felspatbic element that, oementing matcri&L q, Qnsrtiits. 
by ita prominence, marks them •«■ Schiat, with ohirsctariBtie out- 

«s n,»t di.ti„.ij from ih. £.V";!it.'5l„1£?£'',S: 

foregoing sub-group and aUiea tjon -aarfacea. Thia conglomorato. ■ 

them in their general characters probably iMelfPre-Cunbriui, give* 

■with the igneous series. There evidence of ths eiiateme of ma- 

^vn lia T.n HniiW fliat an im twials which h»ve boao metwuor- 

can De no ooaub uiaii an im- , ,,^. _. _,.|, ^....-^ . . 

menee number of occurrences 

of gneiss are due to the action of earth-movement upon -well 
crystallised igneous masses ; and tbe very remarkable work of 
Lehmann in Saxony and Lawson * in Oanada shows how this 
■ " Oaolorr of the Rainy Laka Regioo." Ann. Beport Canadim Svrvtji 
for JS87. 
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diffioolt question may be attacked and investigated in the field. 
Because a coarse gneiss accompanies and is seemingly inter- 
stratified with a series of schists, we must not conclude that it 
formed part of the original deposits of the locality, since it may 
result from a series of later parallel intrusions. 

Some gneisses owe their foliation to original conditions of 
consolidation (see p. 102), and are therefore not metamorphic. 
In sections of such rocks the larger constituents will not be 
surrounded by mylonitic matter, as in gneisses that have been 
foliated subsequently to consolidation. On the other hand, 
modem research seems to confirm the old view that gneisses may 
be formed from sediments by extreme contact-roetamorphism 
(see Barrow, Quart Joum. Oeol. Soe., vol. xlix., 1893, p. 343, 
and Callaway, ibid,, vol. liv., 1898, p. 374). 

I. The gneisses, through the presence of compact bands or 
crystal-knots of felspar, quartz, ^, and through the coarseness 
of the foliation, do not split so readily as schists. A large 
specimen must often be chosen in order to show the foliated 
structure. Eye-structure is magnificently displayed, as in our 
own Hebridean rocks or in the " Protogine " masses of Mont 
Blanc. Sometimes the white felspar eyes are embedded in a 
foliated ground of dark mica or hornblende, and the rock may 
be taken for a porphyritic mioa-diorite until the arrangement of 
the minerals is fully realised. 

Whatever the origin of the felspar, it clearly existed in a 
number of cases before the deformation of the mass. All the 
characters shown by felspar in granite rocks are repeated among^ 
the gneisses. The micas and ferro-magnesian constituents are 
often quite scanty ; but quartz is exceedingly common, both in 
knots and bands. Large garnets occur accessorily. Cordierite- 
Oneiss exists — ^in Bavaria, for example. 

Though occasionally sinking to 60, as in gneisses rich in horn- 
blende or biotite, the percentage of silica is very often above 70. 
This statement excludes the exceptional basic gneissoid rocks 
that are produced upon the margins of diorites and gabbros, 
often by original flow. 

n. The section must be as large as possible. The quartz is 
in irregular granules, often obviously crushed into a mosaic- 
condition and spread out into streams. The micas, often biotite, 
occur in rather small crystals, and their foliated arrangement is 
much disturbed by the coarse hard crystals over which they are 
pressed. The larger felspars show microline structure and cross- 
twinninff in manv cases, and are evidently under considerable 
stress; they may be surrounded by granulated portions removed 
from them and spread out round them. 
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In fact, the oharftcters of a deformed igneotu rock ore agiun 
and again dispUjed in sections. 

Gottlierite, when it occura, must be first studied in the rook 
itself. Its sections sre full of bent and tuft-like fibrous incln- 
flions of sillimsaite. 

Varieliei of ffTiciM.— Oabbro-OneiBB (fig. 49).— This is a tjpe 
of many gneissoid rocks found, as above remarked, on the 
margins of true igneous moases. The diallagic pyroxene is 
reduced to brown knots and eyes, with a stream-like develop- 
ment of secondary am]>hibole 
formed round it and connecting 
the residual crystals one with 
another. The felspar, which has 
already become sanssaritic in tbe 
true gabbro, is drawn out into 
foli&ted bands, and more trans- 
parent secondary granules have 
arisen, as in so many epidiorites.* 
The resulting rock is a basic 
gneiss, the metamorphic origin 
of which, when considered in 

connexion with the slickensides Fig.4S.— Qabbro-OiMfu. LeQiMi' 
and evidences of earth-move- aillet, Mt, OmAm, Hsataa 

ment, mnst be resarded as Alpes. ■ h, Beoonduy horn- 

p™,rf fo, p.rU<».l„ »... I. SS.^'„,t;^. >^l^ 

Others It may be maintained that Ur iecond.ry PUgiool«»«, 

the structure arose during the (ormisg coloarleu Uyen. to, 

last consolidation of the mass, as Origiokl PUgioalase, now 

iu marginal parta clnnir to the !ll!!"-"''7H'i'" '^„^™i''? 

„ . . ° ,, *^ -d -J ° . occ«ion»l "eyes," lik« that 

oontact-wallB. Evidence must in the npper pit of the field, 

therefore be gathered in the PolUtedsfanotwe. 

field. If veins with gneiisic 

stmcture can be found penetrating surrounding unfoliated rocks, 
the structure in the igneous rock must be of primary origin. A. 
similar inference may be drawn if foliation exists both in the 
surrounding rock and the igneous veins, bat in different direc- 
tions. The foliation in tbe veins will, in cases of flow, be 
parallel to the walls of the veins. 

lAStly, the lack of variety in gneiss arouses some suspicion. 
Almost all gneisses resemble metamorphosed granites or quartz- 
diorites. More oompiete knowledge may show as that basic 

* Roth rwsrds msny of these diall^je-pIa^ooUse rooki u non-eruptive, 
and sivea uieni the speoial name "Zobtemte." Ailgem. u. cAem. Qtol., 
Bd u., PL 1S4. 
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types do not appear freely — ^firstly, because the compositioii of 
such rocks, whether they are sedimentary or igneous in origin, 
is not suited to the development of large felspars and coarse 
structures under metamorphic action combined wUh movemerU ; 
second ly, because any such bolder crystals already existing in a 
primary basic mass become, from their composition, readily 
broken down ; these recrystallise in granular and microlitic 
forms, so that the ultimate result of earth-pressure is a fine- 
grained rock which one would class without hesitation with the 
schists. To take an extreme case, serpentine-schists abound; 
but an olivine- or a serpentine-gneiss would seem a structoral 
impossibility. 

On the other hand, it is very possible that highly silicated 
rocks are really more abundant in the outer layers of the earth's 
crust, giving rise to large areas of gneiss. The occurrence of 
basic rocks would then be more of the nature of an accident, and 
would be due to the local protrusion of matter from a lower 
level, or to the refusion of material already so protruded. 



Note, — Gbanulitb is a term for a great group of rocks, mostly 
morphic, which have as a common character a fine-grained grannlsr 
structure. They are of the most varied composition, and must be regarded 
as structural varieties of a number of well-known rocks. The remarkable 
" trap-granulites " appear related to the granular diorites and eabhros (p. 
230), and their constituents are prohably recrystallised products, being dear 
and beautifully fresh under the microscope. At the opposite extreme art 
the common quartzose granulites, which are ^nular quartzites, often with 
accessory minerals. Some of the Swedish ** nalleflintas " are metamorphic 
products ; others may be eurites or old lavas. 

Man v of H ally's " Leptynites" (a name given because the felspar partides 
sre " thinned down '* in their dimensions) are felspathio granmites; bat a 
more precise name can often be assigned to them in the field, when th^ 
prove to bo granular aplites, or even felspathic sandstones altered by 
3ontact-metamorphi8m. 

The common microscopic character of the granulites is the occorrenoe, as 
above stated, of a fine-grained granular structure. Foliation may be also 
visible, but is not nece^arily distinct so far as sections are concerned. 
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PART IV. 



THE EXAMINATION OF FOSSILS. 



**The leardi for a fossil may be considered as least as rational as the 
parsnit of a bare."— William Smith, Stratigraphical System of Organized 
FotmU. 1817. 

"Neque mirandnm in mediterraneis, et montibns altissimis reperiri 
Miim^lja. maritima in lapides con versa, non enim absordom est, noiqae 
mare extitiBBe."— CAXSALPDin8» De MeiaUicis, 1596. 



CHAPTER XXL 

INTRODUCTORY. 

Thi exact determination of fossil species is a matter rather for 
the specialist than for the student or the geologist in the field. 
The proximity of good libraries and continually revised museum- 
collections is essential for the comparison of the specimens col- 
lected with accurately defined types of species. But every 
geologist should be acquainted with the principles that guide 
die palaeontologist, and with the points on which he relies for 
the discrimination of the more important genera of fossil forms. 

There are certain names that are household words among 
geologists, although possibly of little interest in pure zoology. 
Every reader of tex1>books encounters Fhacops and ProductuSj 
Trigonia and Limncea. He collects, moreover, with enthusiasm in 
the field, where he views, among limestone scarps or delicately 
bedded shales, a finuna almost in its habit as it lived. In leisure 
hours he endeavours to connect what he brings home with the 
types selected by stratigraphers. In the following pages, there- 
fore, we propose to give an outline of the characters of the most 
typical and abundant fossil genera, confining ourselves to inver- 
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tebrates and mainly to formi well known in the British Isles. 
Prefixed to the account of the members of each class is a kind of 
glossary of the terms ordinarily used in the description of such 
of their parts as are found fossil. It is hoped that by this means 
the reality of the distinctions made between the remains of 
certain genera^ and the reality of the relationship between 
others, may be adequately grasped, and that attention may be 
called to the features which should obtain prominence in the 
description of a fossil form. 

Such features may or may not possess importance to the 
zoologist. It must be remembered that we are here examining 
fossils from a rather limited and geological standpoint, our first 
consideration being, what is the age of any series of deposits, and 
secondly, what were the conditions prevailing in the area under 
examination at the time that any particular bed was being laid 
downl We have examined the mineral features and have 
classified the rocks. The age of the deposits is a matter of 
paramount interest and importance, and the species of fossils are 
our surest guide. The assemblage of genera will, however, be of 
very considerable service in the absence of means of accurately 
defining species; and this assemblage, moreover, will generally 
answer the question as to the prevalence of fresh-water or marine^ 
shallow-water or deep-water conditions. 

Hence, while the philosophic zoologist may be inclined to 
think lightly of elaborate specific distinctions, the geologist 
has to cunsider animals and their remains fh>m a position 
peculiarly his own. While a zoologist looks vertically down 
each lonff chain of life-forms that has yielded us an existing 
species, the geologist endeavours to look horizontally across all 
the lines at once, cutting, indeed, the complex structure of 
chains, continuous or bifurcating, with a plane that comes in 
contact merely with the contemporaneous links. 

Moreover, he has to deal almost entirely with the hard parts 
of his animals, or with the mere leaves of plants dissociated from 
reproductive structures. His fossils must be classified largely 
by conjecture, and often by means of characters, as we have 
pointed out, of doubtful zoological value. 

In this little book we deal purely with the relics known as 
fossils, not by any means ignoring that most fie^cinating science, 
palflsontology, but looking merely at one branch of it, which we 
might term •* sclerography," the description of hard parts only. 
Questions of life-history, animal structure, or relationship wiUi 
modem iorms, we must leave to zoological and palaeontologiod 
writers; and we need scarcely add that an acquaintance with 
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8Uoh matters it pre-supposed in every serioas student of fossil 
remains. The worker who would, for the purpose of an examina- 
tion or the labelling of a collection, go through the following 
pages without looking beyond them, without endeavouring to 
picture a fossil as part of a living moving fauna, may acquire a 
number of disconnected facts, but will scarcely be in a position 
to apply any one of them to the explanation of stratified deposits 
in the neld. 

The order in which the classes of organisms are here arranged 
is purely utilitarian. The Hydrozoa, Actinozoa, and Polyzoa, 
have thus been treated in succession, owiog to the difficulty 
sometimes experienced in correctly assigning a fossil colonial 
organism to any one of these divisions. The Lamellibranohiata 
follow on the Brachiopoda, so that the contrasts between the 
two groups of bivalve shells may be emphasised. The Echino- 
dermata and the Annelida thus obtain a somewhat late position ; 
but even zoologists will hardly object to the splitting-up of the 
heterogeneous group of ** Vermes.'' 

The genera selectied are arranged simply under their respective 
classes, and occasionally orders, without division into families. 
The alliance between any two or more forms that may be dis- 
cussed is, however, pointed out, and a black line between two 
descriptions marks the passage to a fresh group of types. Such 
descriptions as are here given cover only a small portion of the 
ground, and, when a specimen under examination ffidls to agree 
in essential features with any of those quoted, its characters 
should be written down, and comparison made at the first 
opportunity with examples in museums and with the details in 
special works, such as the volumes below mentioned or the 
publications of the Palseontographical Society. Practice in 
describing fossils will naturally develop greatly the observation 
of their essential structures. 

The division of fossil forms into marine, braokish-water, or 
fresh-water, is naturally difficult in some cases ; and to reason 
from analoey with modern forms is likely to be misleading. 
But^ from &e association of one fossil genus with another, and 
from the physical characters of the strata in which they lie, we 
can add information on this important point with confidence in 
the case of most of the common forms about to be discussed. 
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P. BsEMABD.— £lteenta de Pal^cmtologie. Bailli^ Ftek^ 1996. Tsij 
wsll iUustralsd. See note to ZmmL below, 
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p. Fdobir.— Maaiiel de Conohylioloffie. Savy, P^m, 1867. On the 
lines of Woodward's work, extended and broasht admirably on to date. 

HoxBKXS. — ^Elemente der Palaeontologie (Pameozoologie). Veit. Leipcig^ 
1884 (Also a French edition by DoUo ; pub. by Sayy, Paris, 1886). X 
handy one- volume work. 

NiCHOUBOK AND Ltdskkkii. — Manual of Pftlnontology. Blackwood* 

1889. 2 vols. 

PHILLIP8. — Manual of Qeology. (liiysical Geology, Stratigraphy, and 
Palffiontoloffy.) Edited by R. Ethkbidos and H. G. Sexlst. C. Griffin 
& Co., London. 2 vols. 

QuBNSTKDT. — ^Handbuch der Petrefaktenknnde. Lanpp, Tftbingen, 1885. 
StoIs. 

STEnnfAHK. — Elemente der Pali&ontologie. Engelmann, Leipzig, 188S- 

1890. (Especially dear figures. ) 

H. Woods.— Elementary Paheontology; inyertebrate. Cambridge Univ. 
Plrees. 2nd ed., 1896. 

S. P. WooDWABD. — Manual of the MoUnsca. 1st edit. pub. by Weale, 
1861-6. Now pub. by Crosby, Lockwood & Co. Lidudes modem forms, 
and is in manyrespeots a dassio. 

A. Smith Woodward. — Outlines of Vertebrate Paleontology. Cam- 
bridge Univ. Press, 1898. 

ZiTTEL.— (i.) Handbuoh der Palaeontologie. Oldenbourff, Leiprig, 1876 
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Modi or OcxniBBiiros and Pbesbbvatioit of Fossms. 

Some rocks, from their mineral and physical constitution, i 
admirable preservers of fossils, while others contain few or, per- 
haps, none. In this latter case diligent search must be made 
for casts and impressions, and concretions of ironstone, silioa^ 
kc, must be examined for their included and protected fossils. 
Even if there are no fossils, it may still be possible to correlate 
the strata with others in which fossils are abundant. 

Thns sandstones are often devoid of fossils for various reasons. 
Apart from their permeability, the coarser grits and the con. 
glomerates would be likely only to contain fragments, since the 
materials would grind delicate shells to pieces during the actual 
deposition of the rock. 

Clays preserve shells excellently, but extraction when the 
rock is moist is almost hopeless. The dried talus at the foot of & 
clay-exposure, or the small rubbly lumps thrown aside in a brick- 
pit and broken up by sun-cracks, may be turned over irith grea^ 
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advantage. Nov and then slabs or lamps can be cut out and 
allowed to dry slowly on a shelf at home. (See p. 198.) 

The concretions oi calcareous or phosphatic matter, or of clay- 
ironstone, in clays must be broken open in the search for fossils, 
since they split fairly along the planes of bedding and often 
reveal shells in excellent conditien. 

In clays the fossils are often pyritised, the material being 
commonly marcasite, the decomposable form. Casts, true pseu- 
domorphs, and nodular concretionary aggregations surrounding 
fossils, occur in this material. The cubic iron pyrites (pyrite) 
is stable; but the less lustrous marcasite goes to pieces gradually, 
and specimens become reduced in the cabinet to an efflorescent 
powdery mass. Coating the fossil with varnish, or boiling in 
paraffin, will retard, if it will not entirely stop, this very 
deleterious process. 

Limestones are a fruitful source of fossils, since they so com- 
monly originate in the accumulation of organic remains. But 
the extraction of individual specimens is ofben difficult enough. 
We have mentioned this matter and the cleaning of fossils when 
dealing with the limestones as rocks. Suitable si>ecimens will 
often occur weathered out in the water-ways of the rock, whether 
joint-surfaces or conspicuous planes of bedding. In compact 
limestones the edges of the fossil shells are again and again seen, 
but recognisable forms are only to be obtained by turning over 
blocks that have been long exposed upon the talus, or by splitting 
mass after mass until a fbrtunate fracture occurs wluch passes 
round and not through some resisting fossil. 

In dolomites the shells, corals, <bc., are often lost by solution 
and recrystallisation during the mineral changes in the mass. 

In all limestones fossils are liable to be preserved as casts 
in flint, or other varieties of chalcedony. The shell itself breaks 
away on disintegration of the rock, and the siliceous casts are 
found as *' derived fossils " in gravels of far later date, as on the 
Surrey Downs. 

Pseudomorphs or casts in carbonate of iron, htematite, &a, 
may be expected. 

ITnder the head of Shelly Limestone reference has been made 
to the work done in the determination of the constitution of 
shells — i,e.y whether they consist of calcite or aragonite (p. 201). 
Some, as Lingula, contain a great proportion of phosphate of lime. 

We have also mentioned various modes of extraction of small 
fossils from clays, Sio. Such isolated specimens may be mounted 
like sand-grains, either as opaque or transparent objects. Many 
collectors mount larger fossils with fish-glue, or other cement^ 
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upon wooden tablets, the label being affixed below; but both 
surfaces of the shell should be represented, and for all collec- 
tions a loose specimen in a card tray * is probably best. The 
specimen should have a number upon it, corresponding to that 
on the label in the tray. Small forms can be conveniently 
kept in little glass specimen-tubes with corks, which are to 
be obtained of any deieder in natural history objects ; they can 
thus be inspected easily from all points of view without actual 
handling. A label-slip can be written and placed within the 
tube itself. 

Collections, of course, vary greatly according to the district 
which it is most important to represent. In our concluding 
pages we give a suggested list of typical fossils from the principal 
divisions of the strata of the British Isles, with a few foreign 
additions to render the series more continuous from the point 
of view of geological time. It is very easy to improve upon 
this list by the addition of further forms ; but we trust that as 
a basis, and as the nucleus of a collection, it will be found to 
be fairly representative. Some of the forms, such as Olenellus, 
though very characteristic when found, are too rare to have a 
a place in ordinary collections. 

Lastly, in procuring characteristic fossils, we must carefully 
note in the field the distinction between the remains of animals 
that were contemporaneous with the deposition of the strata and 
those which have been washed in as derived fossils from earlier 
formations. The effects of rolling and rounding on the latter 
can generally be detected, and sudb fossils have often, moreover, 
undergone considerable mineral change. They may also be 
found to be filled with material differing from that by which 
they are now surrounded — a very useful and interesting 
observation. 

* Sach trays ooit about 6«. to 10b. a groM, acoordiDg to size. Mr. A. 
Kent, 11 Kmssu Street, dhaftesbury Avenue, London, is a well-knowB 
maker. 
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TaBLB of THB TbBMS U8FD IN RRFEBBINO TO THB GEOLOGICAL 

Formations. 

^Post-Pliocenb and Rbobnt (inclading the present time). 
Pliocene. 
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o 
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Miocene. 

Oligocenb. 

Eocene. 

Upper Oeetaceous | ^^^^^' ^"""^ ^^^ ^^^^ ^^ 

Lower Cretaceous | < ^^2 *^.^^^^ "^ ^- (?r.^an(^ 

I m Britain). 

I Upper {Oxford Clay to Purbeck; with TitAonton). 
Jurassic. ^ Middle {Mi^ford Sand$ to Carnbraah). 

{ Lower (Lias). 
Trias (inclading RhoUic). 

Permian. 

Carboniferous. 

Devonian. 

GoTLANDiAN* (Llandovcry to Ludlow Series in Britain). 

Ordovician (Arenig to ^o/a Series in Britain). 

Cambrian (racsnwm to ^rcmoc^jc iSfer^ in Britain). 



■^<rf«.— Rangre of Genera.— it must be borne in mind that the range of 
a genus in time, as stated in text-books, must always be liable to extension 
through new discoveries. Hence it is of more importance to realise the 
time and conditions of maximum development of a genus than to define its 
exact horizons of appearance and disappearance, which, indeed, can never 
be more than approximately known. 



* This term was proposed by De Lapparent (" Traits de CMologie," 3me. 
^, 1893, p. 748) for the ** Upper Silurian," as a parallel with Lapworth's 
"Ordovician" for the " Lower Silurian" strata. 
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CHAPTER XXIL 

V088IL OENBBIO TTPBS. 



L Bhizopoda. 

A. FORAMIIIIFBRA. 

Modern fonug of the shells of these protozoans may almost 
invariably be sifted out, or selected by the eye, from the finer 
material of our beaches. While some are built up of aggluti- 
nated sand -grains, spicules, ice {** Arenaceous " types), the 
majority met with are calcareous. The latter fall into two 
divisions, the "Imperforate" types and the "Perforate," so named 
from the absence or presence of minute perforations in the shell. 

Under the microscope, the calcareous shells, when isolated, 
are not so perfectly transparent as the siliceous shells of the 
Kadiolaria; in the perforate forms the minute tubules of the 
walls give fragments a fibrous effect when viewed sideways, 
and a pitted effect when looked at from the outside or inside 
of the shell. With crossed nicols these calcareous shells show 
the dark cross due to the fibrous aggregate structure (p. 149), 
and their anisotropic character is a ready means of distinguish- 
ing them from the istropic siliceous skeletons of radiolaria, 
sponges, or diatoms. 

Glauconite is frequently found in association with these shells, 
partially or completely filling the chambers with a darkish 
green deposit. Oasts are thus foraied of the interior, and may 
remain in rocks after the complete removal of the shelL 

Some practice will be required in picking out foraminifera 
from among other small shells, such as young gastropods and 
bivalves, which may only distantly suggest the corresponding 
adult forms. In sections, the chambered character of all typical 
foraminifera is sure to be successfully revealed. The mode of 
making sections of isolated forms is described on p. 129. 

For a correct appreciation of the characters and variety of type 
of this important rock-building group, we may refer to the plates 
illustrating Mr. Brady's magnificent " Challenger " Beport. 
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(o.) ImpetforcUe Caiearwui ShtHk, 

Shells probably formed o{ aragonite, and resembling white 
porcelain (whenee the group-name '' Porcellanea"); without per- 
forations in the extemsd wall, excepting at the terminal '' mouth ** 
or along the outer face of the last series of chambers in some 
coiled forms (as along the margin of Orbitolites). Marine; 
generally shallow water. 

MiUola (or << Miliolites "). — Formed of pillow-shaped chambers 
which succeed one another in a spiral, the plane of which is in 
some varieties shifted during growth* The chambers lap round 
and conceal the preceding ones partially or entirely, and many 
subgenera have been established on variations in this character. 
Sections are, however, very characteristic. Trxa$ to Eecent; 
particularly Cainozoic 

{b.) PerforaU Calcareoua ShM$. 

Calcite shell, transparent and glassy-looking ('^Yitrea") in 
modem examples, with abundant perforations over all the 
surface. The fiUing-up of these pores gives fossil examples a 
duller appearance. Long delicate spines project from the sur£su^ 
of some genera, but are very rarely seen, even as stumps, in 
preparations. Marine ; shells found at 2,500 fathoms at present 
day, but they often sink from surface. 

Lagena. — ^A single chamber shaped like a Florence-oil flask, 
with or without an elongated neck. Surface smooth or ribbed. 
GotUmdia/n to Recent. 

Nodosaria. — A series of Lagena-like chambers succeeding and 
partially overlapping one another in a straight line (a curved 
variety is called Dentalina). The last and largest chamber shows 
a terminal mouth, corresponding to the neck in Lagena. Car- 
honiferouBy but mostly later and Recent: 

Textularia. — Chambers in two series, united along one side, 
those on one hand alternating with those on the other. Viewed 
sideways, this gives the effect of plaited work, the chambers 
being elongated in an outward direction. Arenaceous forms 
with similar structure are common. Particularly Cretaceous. 
Closely allied forms abundant in Ca/rboni/erous. Also Recent, 

Globigerina. — Chambers spheroidal, agglomerated on one 
another and partially overlapping, often with a trace of spiral 
arrangement, the largest and latest chamber having a slit-like 
mouth. A very common pelagic form. Trias to JCecent; par- 
ticularly Cretaceous and CainozovK 
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BotaUa.— ChuiU>en anooeeding one uother in a spin], all the 
ooilfl of vhich wn Tisible on thb upper anrface. In sections the 
upta betveen the chamben are seen to be double, and there is 
ft very interesting approach to the caoat-syBtem of the walla of 
tlie Nummulinid». Jurattie to Secent; abundant in Cretaeeou* 
and onwards. 

NnnuanllteB (fig. 46). — Chambers an-anged spirally and entirely 



# 



Fig. 46.— JVummu/ifa krvigaHu (Brackleeham Beds). (1) Viewed from 
above ; (2) vertical section ; and (3) horiiontAl seotions, embedded 

embracing tlie earlier coils, thus imitating some types of 
ammonite. The whole form consequently becomes lenticular, 
and the great number of the chambers is only realised on 
fracture. The shell breaks easily across, in the rock or when 
isolated, and shows on its circular sections a close spiral with 
numerous curved septa, and on its cross-sections the extended 
saddle-like shape of the chambers, their investing prolongations 
being crossed by little bars. The shell often measures 2 or 3 cm. 
in diameter, and sometimes as much as 6 cm. The sur&ce is 
typically smooth, sometimes showing wavy linear markings. 
An undulated folded appearance is characteristic of the larger 
specimens. The great size of this forsminifer and its abundance 
on certain horizons make it an important rock -constituent. 

In a Bulvgenus AaHiHuft the coils do not overlap, so that the 
spiral form is visible at the surfiMe. 

In section the septa are seen to be double, and the "intef 
mediate skeleton " with its canal-system is well developed, the 
walls being greatly thickened by it. 

Carbonymnu to Recent. Very abundant in the Bocme 
(" Nummulitic strata"). Small forms still living, 

OrbltoidsB. — In form, sise, and outer appearance much like 
Nnrnmulites, but shows when broken across a great number of 
small chambers lying in layers above and below a median band 
of more regular and larger ones. In sections parallel to the 
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kyerSy the chambers of the median layer are seen to be divided 
from one another by straight septa, which alternate in position 
in the suocessiYe coils of the shell. Canal-system well developed 
between the chambers and in the septa. 

U, Cretaceous to Miocene. Very abundant in JBocene. 

Fasolina. — Spindle-shaped, some 10 mm. long. The coiling 
takes place spirally round an axis. The somewhat irregular 
septa are not double, and there is no canal-system. 

Carbon{ferou8 and Permian. 

{c) 8hM$ Formed hy Agglutinaiunk 

A number of these, built up of sand grains and other particles, 
occur in the Carboniferous Limestone and thenceforward. (See 
Textularia, p. 295). 

Saccammina. — Shell like Lagena, but with two short necks at op- 
posite ends ; sometimes these necks serve to connect adjacent shells,, 
and a form like Nodosaria arises. On weathered surfaces of lime- 
stone the cells stand out like little globes some 3 mm. in diameter. 

When broken or in section, the wall is seen to be thick and 
arenaceous. 

Carboni/eroui. Also known in RecerU. 

Endothyra — Allied to Kotalia, but the shell is largely built 
up by agglutination of calcareous grains. Mouth simple, on 
inner margin of last chamber. 

CarboTitferouB, 

B. Badiolabia. 

The remains of these are rarely found fossil (see p. 211), 
though they have been claimed as occurring even in the oldest 
rocks.* The skeleton is siliceous, and is colourless, transparent, 
and isotropic under the microscope. Globular and helmet-shaped 
forms are common, though a few are discoidal. Forms with one 
globe within another are very typical. The perforations are 
bolder than those of the foraminifera, and fragments thus 
resemble a network ; fairly coarse spines and rod-like pro- 
longations are common. A few of the skeletons consist of 
disconnected spicules. One of the best known fossil deposits 
of radiolarians is the Miocene "earth" of Barbados, which 
is a fsivourite object with microscopic dealers, and in which 
the characters of the skeletons can be admirably studied. 

*Sae David, Proe. Liim. 8oc K. S. W., 1896, pp. 668 and 571 ; Hlnde^ 
Ann. and Mag. Nat. JJist., July, 1890, and Quart, Joum. GftoL 8oc.^ vol. 
xUx. (1893), p. 216, pi. iv. For Cretaceous forms, and a diKsoMion of th» 
aolation of Radiolanan skelatons, lee Hill and Jukes-Browne, tdtd., vol li» 
(1805), p. 600. 
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Some few of the radiolaria are flattened or discoidal ; but tbej 
•cannot be confused with diatoms, owing to the far more delicate 
markings of the latter. Radiolaria ahould always be looked for 
in sections of flint (chert). 
The radiolaria are marine. 

n. SpongisD (Porifera). 

We deal here only with those sponges that possessed a cal- 
careous or siliceous skeleton. They are frequently represented 
(as has been described on p. 211) merely by isolated spicules, or 
by casts of these remaining in the flinty layers of the rock. 

The principal terms used in describing fossil sponges are : — 
Principal Cavity or Cloaca, — ^The large central cavity, such as 
the hollow in cup-shaped forms. 

Osculum, — The exhalent aperture constituting the mouth of 
this cavity. See Ostia below. 

Canals. — Tubes traversing the skeletal mesh. 

Ostia, — The terminal openings of the canals, placed commonly 
in the wall of the large cavity. Often also called Oscula^ 

Pores, — Smaller inhalent openings in the surface of the mesh, 
connected with the canals when these are present. 

Spicules, — The bodies that build up the main mesh-work. 

Dermal SpiciUes, — Small bodies of various form, even globular, 
found mostly in the outer layers of the sponge. 

The sponges here treated of are marine. 



A. Siliceous Sponges. 

The isolated spicules (fig. 47) are typically rod-like^ with an 
axial canal, so that fragments under the microscope, being clear 
and colourless, resemble pieces of minute thermometer-tubes. 
These rods may bifurcate, may meet in solid or delicately 
hollowed nodes, and may acquire, in different parts of the same 
sponge, a great variety of form. The dermal spicules are often 
widely different from those constituting the main mass of the 
skeleton. 

The siliceous spicules are soluble in hot caustic potash solu- 
tions. In nature, moreover, they are frequently represented by 
pseudomorphs, whether in iron pyrites or limonite, as occurs in 
our Cretaceous beds, or calcite, as in some Jurassic strata of 
South Germany. Hence, while some most delicate specimens 
can be extracted from their calcai-eous matrix by treatment with 



cli1nt« udd, others vill diasoWe awky in a muiner most diup- 
pointing to the collector, hoverer full of interest the expeheooo 
tatty be from a mineral point of view. 



Wig- 47. — Sand ocmUlniti^ abtmdtint Spicule* of Bilicemi Spragea. Bytlie 
Beda, TilbnrBtow Hill, Sairey. x 40. g, Dvk and kimort opaqae 

gnnnlea of gUnconite. h, HeiBctinellid spiculei. {, Lithiitid ipicafai, 
ft Urge one occnmng ne&r the centre of the field, a, Graina of *iigul«r 
qturti umd. I, TetrMtineltid tpicnle* of VKrioua tjpes. The detached 
_.._ i_i _.__ !_ _n ppjbBbility, to tetractinellid fomiB. ' 



Order 1. MoBAcriN£LLiD& 

Bpicnlea oonsisting of a single ray, ^xiinted at both ends. 
Ciiona. — Though the spicules are not known in the fossil 

crpecies, the borings of this sponge are found, commonlj as casts 
formed by silica. These casts are like little flattened nodules, 
about 3 mm. in diameter, connected by threads, also of flint; 
they represent the chambers excavated by the sponge and the 
dnlicate passages ("stolons*) which led from one to another. 
The shell-substance in which the borings were made has in anch 
cases been removed after the infiltration of the silica. 
Gotlandian (!) to Reeent. 



soo 



Order 2. Tbtraotivellida 



The typical spicules consist of four rays, three of which branch 
out, making equal angles, firom the end of the fourth and much 
longer ray. Dr. Hinde states that the spicules occurring in the 
flints and cherts "in the Oolite, the Lower and Upper Green 
Sand, and the Upper Chalk are principally of Tetractinellid 
sponges,"* the remains of which are not satis&ctory enough 
for generic determination (fig. 47). 

Order 3. Lithistidjb. 

Typical spicules irregularly branching, and set with little 
knotty outgrowths; often closely interlacing at the ends. A 
four-radial type is occasionally set up, especially among the dermal 
spicules, some of which may, however, be monoaxial. 

Doiyderma. — Cylindrical, often branching, with numerous 
vertical canals running up the main body and the branches. 
These are often infilled by flint and much obscured. 

Typically CretaceotLS (Alhicm to Senonian), Known in Car- 
honiferou8, 

Siphonia. — Commonly pear-shaped or like the bud of a tulip, 
with a short or long stalk, which has, when perfect, rootlets at 
the end. Principal cavity reaching from apex to about centre 
of sponge (often filled with silica), with the ostia of canals 
opening into it. Canals forming a curved series running 
roughly parallel to the surface of the sponge and down into the 
stalk ; a second series of smaller tubes crosses these obliquely 
down from the exterior to the interior of the sponge. When 
viewed from above, canals are commonly seen radiating from the 
edge of the great osculum. 

Cretaceous ; particularly Upper Greenaand to Senonitm, " 

HaUirhoa. — Like Siphonia, but divided into lobes by depres- 
sions of the surface, which radiate from the stalk and even run 
vertically up the whole body of the sponge. 

Cretaceovs (U, Greensand). 

Order 4. HEXAcriNELLiDiB. 

Spicules with six rays, meeting at right angles in a '' node ; ** 
these spicules are often united by their ends so as to form a 

* Catalogue qf FoseQ Sponges. British Museum, 1883 (with pUteB)^ 
p. 28. 
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Btructnre of beautiful regularity, resembling that produced by tbe 
crossing poles of a scaffold. Dermal spicules of various form. 

Ventriculites.— Cup-shaped, narrowed or expanded, nob branch- 
ing, with rootlets at base. Wall delicately folded, the axes of 
the folds running from the margin of the cup to the base, and 
the folds being idmost in contact with one another. Principal 
cavity very deep, with ostia of radial canals opening on it in 
vertical rows. These canals do not reach the outer surface; 
others open similarly on the outer surface, but do not reach the 
principal cavity. The vertical rows of ostia are sometimes 
represented by furrows. Spicular mesh fairly regular, and easily 
seen in sections ; often replaced in Chalk specimens by limonite, 
derived from marcasite. The base of the sponge is, moreover, 
often surrounded and infilled by compact flint, while the upper 
part of the cup has been dissolved away or is represented by a 
mere impression or a ferruginous stain. 
TJ. Cretaceous. 

Plocoscyphi& — An irregular mass formed, as it were, by the 
crumpling and rolling together of a sheet-like hexactinellid wall, 
so that a number of roughly circular or greatly elongated 
apertures are left, each of which may represent an osculum. 
The walls of the irregular tubes thus formed sometimes show 
ostia, and are constructed of a regular hexactinellid meslu 
Beplaced by iron pyrites at times. 

Cretcboeous (particularly Cenomomian and Turanian). 

Note. — ^The earlier Palaeozoic sponges have some relation to the Hezaoti* 
nellidse, btit are represented by a surface- web onljr. The spicules in this are 
plain rectangular crosses, with smaller ones set in each square formed by 
the union of their arms, and yet smaller crosses in the subordinate squares 
thus produced. The arms of all these cross-shaped spicules lie parallel and 
perpendicular to those of the primary cross, until detached by fracture of 
the layer. A t^pe is the Cambrian Protospongla, the spicules being 
aometunes pyritised, sometimes mere impressions in the shalea. 



B. Oaloareous Sponges. 

The fossil types come under the family of the Pharetrones, in 
which there is a thick wall, with a dermal layer rarely well pre- 
served. The calcareous spicules are mostly formed of three rays 
meeting at 120*", or at times of four rays and even one ray. By 
almost complete suppression of one ray, some three rayed spicules 
appear monoaxiaL The spicules are commonly iiprouped in 
fibrous bundles. (See Sollas, Jaum. R. Otok See. Ireland, voL 
viL, p. 37.) 
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The ready decomposition of the spicules makes the form of the 
sponge more relied on in this division than is the case in the 
siliceous spoDges. The substance of the wall may, indeed, during 
fossilisation become merely an irregular calcareous tissue. 

Peronidella ^Peronella). — Tubular, cylindrical, sometimes 
branching. Principal cavity extends to base; round osculum 
at summit. No canal-system in the thick walL 

Devonian to Cretaceous ; especially abundant in JuroMic and 
Cretaceous, 

Tremacystia. — Form much like Peronidella ; sometimes dub- 
shaped. The tubular cavity is crossed by dome-like or flatter 
partitions, the chambers thus formed communicating by a hole 
in the centre of the partition, or by holes in the sides of a tube, 
which runs from one partition to the other parallel to the axis of 
the sponge. Minute canals in the wall. 

The characteristic internal structure is easily seen in broken 
specimens. This genus (Hinde) includes Steinmann's Barroisia. 

Cretaceous ; mostly Lotoer Cretaceous. 

Bhaphidonema. — Oup-shaped, expanded or narrower. A com- 
pact dermal layer extends over either the outer or inner sur£EU)e; 
this is pierced by ostia in all species but H. farringdonenae, 
Oanals traverse the wall approximately perpendicular to the 
surface. 

Cretaceous. 

ni. Hydrozoa. 

The body formed by the aggregate-growth of these colonial 
organisms is styled the Eydrosome, Where the hydroid polype 
possesses a cup-like ceU, this is styled the Hydrotheca. 



A. Forms with a Massive Oaloasboub Base fbom which the 

POLTPES PROTRUDED DURING LiFE. 

Stromatopora. — The base is built up of mammillated layers 
which, with the columnar structures that connect them, form 
on irregularly reticulated structure. In section little tubes with 
horizontal partitions are also seen in the mass, and in these the 
polypes are believed to have lived. The mass is often 15 or 20 
cm. across, and is roughly hemispherical, the sur&ce showing 
small mound -like elevations. 

OoUandian and Devonian, 

Labechia. — The base is rather compact to the eye, and its 
under side is smooth, with some concentric wrinkles. The upper 
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tnrfkoe is set with ntimeroas tubercles, which are not perforated^ 
and which are the ends of columns rising from below. In 
vertical sections a cellular irregular calcareous tissue fills the 
interspaces between these colamns. The polypes are believed to 
have lived me e\j on the surface of the calcareous and often 
encrusting base which we now find. 

Ordovician and Gotlandian ; some in Devonian, 

B. GnAPTOLITES. 

The hydrothecs are arranged along an external flexible 
ehitinous axis, and their cavities are connected internally by a 
canal. The solid axis {Virgvla) is often prolonged without bear- 
ing hydrothecs. At one end of the axis in perfect specimens is 
a triangular body, the ^^ tcukif from which the hydrosome arises. 
The hydrothecsd nearest the sicula are the smallest, and are 
sometimes absent about this point of the hydrosome. The 
diitinous hydrosomes are commonly flattened into mere films 
upon the surfaces of shales. The Graptolites are Cambrian, Ordo- 
vtcton, and OoUandianythe branched forms, and those with two 
rows of hydrothecse on one axis, being the earlier. At present, 
investigators of graptolites are likely to pay less attention to the 
form of the hydrosome than to the modifications of the hydro- 
thec8B (see Nicholson and Marr, ** Phylogeny of the Graptolites,'^ 
Oeol. Mag,, 1895, p. 529). For recent views on their mode of 
life and flotation, see Boemer and Freeh, *' Lethiea geognostica,'* 
Bd-L; Lf. 3 (1897), p. 552. 

The graptolites are marine. 

Diplograptus. — Hydrothece forming two rows, on opposite 
sides of a common axis. The hydrothecse are set obliquely and 
in contact laterally. Ordovicidn and Z. Gotlandian. 

Climacograptua — Similar, but hydrothecss set at right angles 
to axis and separated laterally. Ordovician and L. Gotlandian. 

Monograptns. — Hydrothecn forming one row and in contact* 
Hydrosome commonly straight; sometimes coiled spirally, in 
one plane or like a screw. Gotlandian, 

Rastrites. — Hydrothecs forming one row on the oonvex side 
of a thin spiral axis, and distinctly separated laterally from one 
another. L. Gotlamdia/n, 

Didymograptus. — Hydrosome formed of two equal branches 
imited by the sicula; hydrothecse in a single row on each branch 
and in contact laterally. The branches are sometimes spread 
widely apart; sometimes they form a V, and the openings of 
the hydrothecae on one row thus almost face those on the other. 
Ordovida/n. 



yotf.—hi DJe^onema the hydroaome is compowd of a great nnmb«r et 
radiating branches oonaected b^ little croBB-rods eo as to form a net-work. 
These bnncbes in reality consist of hydrotbacie arranged in linear seriK, 
with their apertnres at the upper ends. No common axis occurs (Roemer, 
«p. eit., p. S70). Cambrian to Devonian. 

IV. Actinozoa. 
The forma here mentiooed belong entirelv to the corals whidi 
poweu calcBreooB ikeletoni. The m&terul 
ia in moat modem types aragonite; but 
Mr. Sorb; believea that in the Faieozoic 
forms it was originally caldte, as now 
found. All are marine. 
_ While the older diviaion of corals into 

** Octocoralla, Tetracoralla, and Haxacoralla, 
aeems likely to be abandoned, we camiat 
yet regard any later system of clasaifica- 
tion as approaching finality. The general 
atructures embodi^ in the " Tetracoralla ' 
represent an early type, though their fre- 
quent bilateral aymmetiy may have been 
based upon a still earlier six-rayed type. 
At present, the division into Alcyooaria 
and Madreporaria is all that will be here 
attempted. 

Terms naed : — 




.Tig. 48.-Diagranu of 
lithoitrotion. a. 



View of tbe calyx Theca.^-lhe bounding wall of the cup 

from above; a flat- occupied by the individual coral-polype: 

the centre ; the K.pU "^^ '"''y ^"""^^y developed, 

form two series, and Epilheea.—A smooth external covering 

^:^^x::£ ^'^' «"^ or » «,. w „d ^d™ «?! 

Beuu. b. Vertical eompound corallum. 

'^Igh" ie"^li ,.^'"'f .t'^"**^,^'^«*« projecting from 
mella. Severaltabn- w»e outside of the theca and forming nb« 
Ik, oonres upwards, Thioh generally correspond to the aepta. 
. ^^1 When, as in many older corals, they alter- 

nate with tbe septa, they have been called 

Calyx. — The cap-like depreauoo in the 
upper part of the skeleton, ooospiad bj 
the alimentary cavity daring life. 
Fotsuia. — A groove-like pit in the floor 
«f the calyx of amne oovals (see p. 306 and fig. 60f 



meroni dusepiments 
appear, forming a 
vealonlar mesh which 
extendi for tome way 
inwards from the 
wall. 



r 
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Sepia, — Vertical partitions arising from the inner surface of 
the theca, and converging towards the centre of the cup. Each 
septum underlies a tentacle of the living animal, and thej thus 
alternate with the soft partitions or mesenteries. They some- 
times are produced outward into costse. The septa occur in 
*^ cycles;" a primary series, a second and commonly shorter 
aeries intercalated between these, a third in the interspaces thus 
formed, and so on (fig. 50). 

Columdla, — A rod-like or vesicular axis arising in the centre 
of the cup. 

False Cdumella, — A similar axis formed by the union and 
intertwisting of the edges of the septa where they meet in the 
middle line of the cavity. 

PcUi. — Vertical partitions that sometimes arise in the central 
area, between the columella and the edges of the septa ; they 
are sometimes joined to the columella. 

TabtUcB. — Horizontal or curved partitions that successively cut 
off the lower part of the cup, thus forming a new floor (fig. 48, 6). 

BissepitnetUa, — These are often regarded as imperfect tabuUe, 
and are little plate-like connexions running in curves or fairly 
horizontally between adjacent septa, and producing a vesicular 
structure in the interspaces. 

Sf/napHeui€B. — Similar to dissepiments, but rod-like or tuber- 
cular. 

CorcUUie. — ^A name sometimes given to the skeleton of an 
individual in a compound coral. 

CoraUum, — The whole skeletal mass formed by a colony or 
« compound coral.'' 

Ccmenchyifia. — The "exothecal" material connecting the 
corallites in some compound corals, and thus common to all 
the individuals. 

Astrcecm Mode of Growth. — The lateral buds of the dividing 
individuals have grown up side by side and in contact, so as to 
produce a compound structure of more or less polygonal forms 
(fig. 52). 

Simple cored, — The individual is isolated. It does not divide 
by branching. 

20 



S06 Aonxoaoju 

A. Alotovabia (Octoooballa). 

Tbe ■ept% when preaent^ are not related 
tentacles of the anima). Hard parts 
caloite. 

Heliolites (fig. 49).--Oorallum often 
rudely spheroidal ; sometimes extended 
or branching. Oalyxes widely divided 
by what appears to be ccenenchyma, 
and famished with septa (almost always 
12), which are sometimes short and 
sometimes meet in the centre. The 
ooenenchyma is set with abundant 
smaller openings, regarded by Nichol- Fig. 49.— -ffefWitet 
son as having contained rudimentary stineta (Wcnlock Beds), 
polypes (" siphonozooids ")• In section Viewed frcmi above aod 
SothThe krger and smUr sets of :5S«1ii«*^Z°«S:,2 
tubes show distinct tabuln. character of the « 

Goilcmdian and Devonian, between the calyxee. 




NoU.^'^ywtX of the genera placed in Group C may witii probabililj 
be ref ened to the Aloyonaria. 



B. Madbbpora&ia. 

In maoy of the older types of corals, the primary septa 
four in number and are arranged as a rectangular cross. One of 
these, the << principal " or ''cardinal" septum, and the one 
opposite to it divide the calyx into two symmetrical halves, the 
septa on either side of the principal one, and between it and the 
^'lateral" primary septa, being, in well marked types, directed 
towards the principal septum rather than towards the centre of 
the coral ; they are thus said to be *' pinnate " upon that septum 
(fig. 50). Between one lateral septum and the other over the 
remaining area the septa point towards the centre. Henoe the 
arrangement is as a whole bilateral rather than radial 

The primary septa are sometimes large, sometimes mudi 
reduced in size ; the principal one may lie in a fossula, which is, 
indeed, formed by local diminution of the septa. Sometimes 
each of the four principal septa occurs thus in a req^ss. In 
many forms, however, it is impossible to mark out the primaiy 
septa from the others; in such cases the symmetry appears truly 
radial (fig. 48, a). 

Tabuln are almost always present in the older types, and 
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ccenenchyma u commonly not developed, the oompoand forma 
being branching or utnean. In other typei^ which greatly 
preponderate in later periods, there are tix primary septa, and 
ndial symmetry prevaUii in adnlt forms. Tabuln are practically 

Zaphrentb (fig. 50). — Simple; form commonly a onrred cone, 



vith epitbeca. Abundant aepta, the principal one being in » 
well-marked fossula. Tabula run completely acrosH from side to 
Ride of the section formed by breaking open or cutting the coraL 
No columella. 

Gotlandian to Carhoniferout ; abundant in latter. 

Cyatbophylliun (€g. 51). — Simple, branching, dendiifonn, or 
utraean, with epitheca. Abundant septa, which reach to the 
centre, and are there sometimes twiated against one another, aa 
may be seen on polished sections. A vesicular calcareous tissue 
is formed nearest the theca, and the tabiilte often extend across 
the central part of the cavity. 

Ordovician to Carhoniferout; abundant in Gotlandian and 

Lithostrotlon (fig. 52).— Dendriform or astrta&n. In other 
structures like Oyathophyllum, but distinguished by presence of 
a well-marked columella, which is spindle-shaped in horizontal 
section. The longer septa are sometimes united to the columella. 

CarboJii/ermu. 

LonBdaleia, — Like Lithostrotion, but divided by an inner wall 
into two portions — a cellular part next the theca, and an inner 
more clearly septate portion. Columella large, elliptical in 
section, and built up of irregular concentric layers. 

Carbonifiroti*. 

OmphTma (fig. 53). — Simple, the cnp-form often rather ei- 
panded, with root-like processes of the theoa near the baae. 
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KnmerouB ndi&l upta, four prinuuy ones being aeeo, in wdl 
preeeired Bp«cimeiu, to b« set in shallow foeatU«. Tabale and 
tiuue as in Cyathophyllnm. 
Gollattdian. 



Fig. -SS. — Otnphynia turbituOtrnt 
(Wenlock Beds). Showing root- 
let*, and the founle la sd^ 
from above. 

Calceola (Gg. C4). — Simple ; shape like the pointed toe of a 

slipper, the calyx reaching to the base of die 

^^^^^^k GoraL Kpitheca, ribbed on the flatter side 

^^HHjV of tbe cup. Septa reduced to mere little 

^^^^^ bars. A lid, the Oporeulum, fits on the top 

^^S' of the calf X, though often lost in ordinary 

epeoinens. This lid resembles outwardly, 

Pig. 64. — Caiceola with its curvilinear markincs, the d(»- 

"nlaal Operonlmo ™^ ^'''^ '^ "'^^X brachiopods, and Cal- 

removMl. ceola vsB, indeed, long considered as a 

bruchiopod. 
Devvnian. 

Uth&nea. — OorQponnd,with small, if any, areas of caenenchyma; 
the hard ports are formed of a spongy noa-oompact calcareous 
tissue. Walls of the oorallites pierced by apertures. Septa 
commonly forming three cycles only, and set with little processea 
on the edge and on the sides. Columella present, of spongy 
texture. 

Eocene to Miocene. 

IsastrtBa. — A. typical aatnean coralltim, without ctenenchyma. 
Corallites polygonal in section and united by whole length of 
their walla. Hard parts compact, not spongy. Septa well 
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morkecL Namerons dissepiments. Oolamella often present^ 
bat not strongly developed. 

MesoBoie ; especially Jura$8ic. 

Montlivaltia. — Simple; sometimes disc-like, with a flat base 
covered with a concentrically wrinkled epitheca; commonly 
shipped like a peg-top or a curved cone, also with epitheca. Hard 
parts compact. Numerous septa, in 12 or more cycles, notched 
on the edges. Dissepiments abundant. No columella. 

Trias to Recent ; especially Junuiic, 

Thecosmilia. — Branching oorallum. Corallites often com- 
pressed laterally at the oUyx and dividing into two; hence 
two adjacent calyxes often remain confluent. Epitheca present* 
Hard parts compact Septa numerous, granulated at sides. 
Dissepiments abundant No columella. 

Triaa to Miocene; especially Jurassic 

ThamnastrsBa. — Oompound; oorallum commonly like a segment 
of a sphere supported by an inverted cone, which bears an 
epitheca. No coenenchyma, and thecs unseen, the septa of each 
corallite running out over the wall and uniting with those of 
adjacent corallites. Septa fairly numerous and granulated, i,e.f. 
set with synapticulse. Calyx shallow. Columella present. 

Trias to Oligocene, 

Cyclolites. — -Simple. Theca forming a flat base, with concen- 
trically wrinkled epitheca. The septa rise above this, forming^ 
a fair-sized roughly hemispherical skeleton. Septa thin and 
very numerous, notched on margin, set with synapticulse, and 
pierced by regularly arranged pores. The small septa are- 
generally cemented to the la^er. 

Typically Cretaceous. 

riolooystis. — ^Astrean; corallites united by their costie and 
polygonal. Septa not very numerous ; four, at right ansles to 
one another, are well marked and larger than the rest Tabulse 
are also present This genus presents exceptional features, 
as compared with the more modem types with which it ia 
associated. 

Lower Cretaceous. 

C. Obnbba ov Doubtful Affinities. 

The following genera of Actinozoa are of uncertain position, 
while Alveolites and Coenites, from their external aspect, have 
even been referred to the Polyzoa. 

MicheliDia.* — Corallum astrssan and generally top-shaped, with 

*In Niobolson's Manual of PaicBontology, 3rd «dit, vol. L, p. 316, thevo 
is an intenstiiig diiouad<m of the rdatio(ns of this genus and P/eiir(Ki*e<^^ 
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«pithec» and rootlets ranaing from it. Oorallites united bj 
their walls, which are perforated. Calyx &irlj deep. Septa 
represented merely hy strue, bo that the empty polygonal 
calyxes gire the appearance of a hoaeyoomb. Tabttue and 
Toaicular dissepimeatal tissue present. 
Carioniferovt, 

FavoBitei. — Componnd; astnean or branching. Conllitea 
resemble polygonal cotamns when the more massive specimens 
are broken open. The tbecn show well-marked bnt widely set 
perforations. Septa represented by mere striae. Tabnlsa re^nlar 
and well displayed. 

Ordovician to Carboni/Brmu. 

Alveolites. — Corallum spreading or branching, often of polyzoan 
type. Aperture of the calyx small, and like a triangle wiUi curved 
sides ; the oorallites lie pressed together, somewhat obliqne to 
the surface. Theoe perforated. Septa represented by one or 
sometimes three ridges projecting into the cavity. Tabnlatei. 
Ootlandian and Devonian. 

CcBnites, — Closely allied to Alveolites, bnt with a thickening 
of the tbecte near the outer end, so that the mouth of the calyx 
becomes a mere curved slit, much like the conventional flying 
bird drawn in landscapes. 
Gollandian and Devonian. 

Ealysltes (fig. 55). — Possibly an alcyonarian. CoraUitM 
tubular, ellipti^ in cross-section, and united by their sides 
in wall-like rows, so as to resemble 
the pipes of an organ ; these bands, 
each merely one coralllte in width, 
cross one another, leaving large ir- 
regular interspaces in the corallntn. 
When infilled with fiireign matter, as 
in ordinary limestones, and broken 
across, the structure looks like a net- 
work of chains, each corallite being a 
link. Septa rarely traceable^ Taboln 
well developed. 

Ordovieian and Ootlandian. 

fiyrlngopora. — Alcyonarian in type. 

Oorallitee tubular, circnlar in cross- 

Ha SB.— ffobfien aKcm- •*°*"*'^ ''*'•* '""^ ramifying, united 

&»*i (OrdoriSm). 0*^7 ^y Smaller horisontal tubes. The 

tbeoe thus stand well apart from one 

another. Septa scarcely traceable^ Taboln convex downwards. 

g a tl tmOimm to Cmrbct^Anma, 
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OHAPTEB XXTIL 

V088IL GBNBBIO TTPBS« 

V. Polyzoa (Bryozoa). 

Thbsx miniite colonial organisms leave skeletons which maj bo 
found among the washings of clays and sands, bat which may 
otherwise be often overlooked. Many of the colonies, however, 
attain to a considerable size. 

The hard parts are built up of an external aragonite layer 
and an internal calcite layer {Comiah and KendaU), 

Almost all are marine. 

Terms used : — 

Polypide or Zooid, — The individual animaL 

Zoarvum, — ^The colonial structure formed by the polypidea. 
Commonly attached or encrusting. 

ZooKvum or CelluU. — The tube-like or ovoid chamber ocoapied 
by each polypide. 

Ovicdl. — ^A chamber for containing one or more eggs, from 
which embryo-polypides develope and are set free. The ovicell 
forms a swelling above the aperture of certain zo€ecia in 
cheilostomatous colonies, and an inflation between the zooecia 
in cyclostomatous colonies. 

€^>ercu/ui7t. — ^The cover that closes the aperture of the zooecium 
in some polyzoa. 

Atficularia and Vibraetda. — Beak-like and whip-like appendages 
respectively, set on stalks and arising from little special pits on 
or between the zoodcia (fig. 58). XJ^ in obtaining food, or for 
defensive purposes. They are in reality specially modified 
zoQdcia. 

A. Otolostomata. 

ZocBcia tubular, typicaUy not narrowing towards the aperture ; 
no operculum. Calcareous (aragonite with some calcite, Sarbjf) ; 
rarely horny. 
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Entalophon. — Zouiom branching. Zo<eei» in th« form of 
long curring tnbea, which open kU round the sur&ce of the twig- 
like zoarinm. Marine. 

Goilandian to Recent. 

Faadcolarla. — Zosritun ipheroiikl, fixed &t buet Zotedk 
tnbvlar, often onrnng, unit«d into bundles which nuiiate from 
the base, leaving hollow intenpacofl. Uarine. 

Plvxone. 

B. OSTPTOarOMATA. 

The Fenefltellidn here form the most important famUj, in 
which the zotxcia show considerable deviation from the tobnlar 
type ; in section, they are seen to be more complex and narrowed 
at the external aperture. The latter ia, however, round aad 
simple, M in the typical cycloetomata. 

Fenestella (figs. 66 and 07). — Zoarinm lamellar, the sheet-like 
mass being commonly folded into the shape of a ftumel, often 



(Ftnuiaa). Showing fa 



several inches across. Built up of rods which radiate from the 
base and are connected by little oross-bars ao as to form a net- 
work. The minute zocecia are grouped in two rows on each of 
these rods. SometimeB a third central row occurs. The axecia 
must be looked for with a lens ; and the far larger interspaces of 
the mesh are Btyled,,^n««tr'ul«a. On the systematic position of this 
genus see Ulrioh, Oaol. Svrv. ofliUnoit, vol. viiL, p. 349. Marina. 
OoUandian to Permian; particularly Carhon^erota. 
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0. Chbilostomata. 




tjpioally ovoid, not tabular; the aperture is in the 
side and near the upper end, and is smaller thaji the diameter of 
the zocecium. 

This aperture was closed bj an operculum in most forms. 
The pits occupied by ayicularia and vibracula can often be 
recognised. Homy or calcareous (aragonite, with some calcitef)» 

Eschara (fig. 58).— Zoarium formed of two layers of zo<Bci% 
back to back, producing a sheet-like mass which branches as 




lifp. 58. — EBchara num» 
tU/era (Pliooene) ; after 
Bnak. The appear- 
aace of the aperture 
▼ariea considerablT ; 
in this example the 
pitted supports of 
ayionlaria at each 
side of the base of the 
aperture are clearly 
seen. 





Fig. 59. —Braohiopod {TereirattUa 
vitreaf Recent; after Davidson)* 
a, The two valves united. /, 
Foramen in beak of ventral 
valve; d, Deltidinm. b. Inte- 
rior of dorsal valve, showing tiie 
brachial loop, e, Cardinal pro- 



it spreads. Zocecia close-set^ typically cheilostomatous, with 
pits where the appendages have fallen away ; the zocecia of one 
row alternate with those of the next. Marine. 

Jurassie to EeeerU. 

Lepralia. — Much like Eschara, but forming one encrusting 
layer. Marine. 

Cretaceous to EeeenL 

Membranipora. — Zoarium encrusting. Zocecia rather fiat^ 
with raised margins, and touching one another along their 
borders, more commonly than overlapping. The front of each i» 
generally lost, having consisted of a chitinous membrane, a wide 
shallow cavity being thus revealed. Arrangement of zooecia 
rather irregular. Marine. 

Jurassic U) Becenk 
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Cellepora. — Zoarlum built up of zooecia piled irregularly on 
one another, and thus forming a mammillated aggregate fixed at 
the base. Sometimes branching. Zooecia fairly ovoid. Marine, 

Caintmoio. 

VL Brachiopoda. 

The Brachiopoda, formerly more prominent than the Mollosca, 
inhabit a biyalve shell, composed of calcite, or occasionally of phos- 
phate of lime ; this is minutely perforated over the whole surface in 
almost all the fiunilies. The Ehynchonellide form an important 
exception, being imperforate (impunctate). Hollow spines, often 
of great length, project in some genera from the surface of the shelL 

The valves of the shell are typically unequal; even if ap- 
parently equal, their internal structure is very different. Hold 
the shell so that the small valve fsu^es the observer, and the 
umbo of the large valve forms the highest point of the shell ; a 
vertical plane passing through the umbos and the point opposite 
to them on the lower border divides the shell into two sym- 
metrical halves. Compare Lamellibranchiata. (See fig. 59.) 

The modem species, which are numerous and all marine^ 
mostly inhabit deep water. 

The modem classification of the brachiopoda is discussed by 
Schuchert, BtdL U. S. GeoL Survey, No 87 (1897), pp. 113-135. 
For our present purposes, the two large divisions of Artioulata 
and Inarticulata will prove sufiicient. 

Terms used : — 

Ventral Valve, — The larger valve of the shell ; or in any case 
that covering the ventral portion of the animaL 

Dorsal Valve, — The smailer valve, or that covering the dorsal 
portion. 

Both valves are commonly perforated by minute canals, being 
then said to be punctate (fig. 65). 

Both show somewhat oval Muscular impreuionSj placed below 
the hinge. In addition, VaaculoT impreaaiontj indicating the 
position of blood-vessels in the mantle, are sometimes seen as 
faint grooves ramifying over the internal sur£EU)e of both valves; 
these may appear as ridges on internal oasts. 

The ventral valve terminates posteriorly in a more or less 
-sharp Beak or Umbo, An aperture, the Foramen, may occur in 
this, or just below it, serving for the exit of the fibrous pedicle 
by which the animal was attached. When below the beak, it 
is generally triangular. In the doraal valve^ the beiJc is usnallj 
less prominent. 
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DMditmu — A triangular stmotare found below, and p^Hly 
or wholly surrounding, the foramen in many formi. It oonsists 
of two little plates, generally meeting along part of their length, 
and arising from opposite sides below the beak, thus limiting 
the aperture (fig. 59). 

PMudodeUuHum. — A plate formed occasionally across the 
foramen and spreading anteriorly from the beak. 

Area, — The flat area often occurring between the hinge and the 
beak ; sometimes striated. Oommonly seen in the ventral yalve, 
rarely also in the dorsal. It stretches on either side of the 
triangular foramen, the deltldium, or the peeudodeltidium. 

Teeih. — ^Two processes set in the yentnd Talve, and commonly 
borne by two '* dental plates," which are like short septa rising 
from the inner surface of the valve. The teeth occur on the 
Hing^ine (or line along which the two valves are united during 
life). They fit into two sockets in the dorsal valve. 

The dorsal valve bears ordinarily a Cardinal Process projecting 
somewhat down from the centre of its hinge-line. To this the 
muscles that opened the shell were attached. Two plates called 
Crwra^ one on each side of the centre of the hinge-line, may 
occur in this valve, the " arms," or lamellar moulh-appendages 
of the animal, being then attached to them. In most cases they 
bear a Brcichial Loop, a calcareous structure of great delicacy, 
which supports the arms. The loop sometimes is represented 
by two Spires, conically coiled, their apices directed away from 
or towaros the centre of the shell (fig. 64). 

Mediae Septum, — ^A partition that may be found running for 
some distance below the hinge-line towards the shell-border, 
rising from the inner surface of either valve, or both. 

The shell-substance of the Brachiopoda (except the occasional 
phosphatic layers) is very characteristically built up of long 
curving calcite prisms, among which circular gaps, the perfora- 
tions, commonly appear. The obliquity of these prisms to the 
surface of the shell, and their curving, allow their polygonal ends 
and their lateral ^usea to be visible at once in microscc^pio 
prepuationB. 

A. Abtioulata (Valves connected by a Hinge). 

Shell Caldte. 

Terebratula (fig. 59).— Shell oval, punctate; often folded slightly 
at the margin; surfi&ce smooth, with mere lines of growth 
parallel to the margin. Ourved hinge-line. Beak pierced by a 
round foramen, the deltidium occuiring below this and not sur* 
itb Brachial loop short. 
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Detionian to Sae^nt, 'ExpetAMy Mnomiie. 

TorebntnUna. — Ijtc« TenbriittiM in all eaientiab, bnt deltadiam 
«m»U and sur&ce of shell delicately striated by grooves radiating 
from the apex. 

Junumc to JSteenL 

Uagellania (Waldhelinla). — Not externally distinguishable 
from Terebratnla, but brachial loop long, and a median septom 
in dorsal Talve. Liai to Rteertt. 

ElngSlUL — Allied to Terebratnla; hinge-line etraighter, and 
brachial loop nnited to a median septula. 

Juratsic and Cr«tac«ou». 

Fygope. — A Terebratnla in which, afb«r a certain age, the 
lateral parts of the valves grov outwards and then reunite, 
leaving an aperture through the whole form ; this comes finally 
to lie nearer to the beak than to the growing margin. In casta 
the vascular impressions are well seen. 

TUhonitM {V. Jarasne). 

Bfaringocepludns (fig. 60). — Shell punctate, and resembling a 
wide Terebratula, but ventral valve with distinct area ; deltidium 
and psendodeltidiom both present. Strongly developed median 
septum in ventral valve. Cardinal process long and curved, 
tufarcating at end to pasa on each side of the septum is the 



lis. eO.—Strmgocephtdvt Dwrttni Tig-dhShynehoiulla, YlewedfnMn 
(Daronian). Deltadinm miuiDg. Mow, thowing tlie plicated jono- 

tion of the dosed valve*. 

Opposing valve. Loop curving round parallel to and near the 
margin of the valve. 

iWofiMin. Known also in Ootlandian. 



Bhynchonelta (fig. 61).— SheU impnncUte, rather trusgokr. 
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the margin on eacfa aide of the beak being stnught and the oater 
mai^in cnrved. Veotral valve commonly infolded down the 
middle liae, and dorsal valre bulged oat to correspond ; margins 
almost always bent into sharp folds, giving well marked radial 
ridgeB down the sarface. Beak sharp and bent over downwards 
ana even inwards ; foramen below it, commonly surrounded by 
the deltidium (compare Terebratula). No loop, the crura aloae 
being present. 

Ordovidan to Reeeni. 

PentEonenis (Sg. 62). — Allied to Rhynchonella. Shell impuno- 
tate, markedly inequivalve, and strongly convex; smooth or far- 
rowed. Beak curved downwards; nu deltidium. Median septum 
in Tentrsl valve strongly developed, dividing on its free edge into 
tiro diverging septum-uke dental plates, between which a littls 



Ilg. 62.— /'«a(am«r«i gaUaHu Kg. W.— 5^>iri^«r piivui* (Oubosl* 

(DeToiiiBD). Showing on urom). 

the beak the trace of the 
intaraal Mptum. 

cbamber is tbiu formed, open at the end away from the beak. 
The dorsal valve has two septa, arising one on each side of the 
central line, which approach the dental plates. The remarkable 
size of these structures in proportion to the cavity of the shell 
causes it to break open easily along a surface formed by the 
Tentral septum, one or other dental plate, and the corresponding 
dorsal septum. The septa can sometimes be traced as lines on the 
convex exterior of the shell {fig. 62). Casts show characteristic 
deep grooves in the plaoe of these internal partitions. 

OoUandian and Devonian. 

Camargphorla. — Like Bhyncbonella, but with an internal 
atructure resembling Aat tit Fentamems on a small scale ; ons 
septum in the dorsal valve, dividing on its edge. 

Devonian to Fermian; especially the latter. 
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Splriftr (fig. €3). — Shell impnnctate, commfltiljr iritti % medUn 
Tentnl furrow and doraitl nd^Iike fold as in Rh^nchonelU ; 
generally also marked with radial grooves. Hinge-lme strai^t, 
oflen forming the longest dimeoBion of th« shell, and even causing 
ear-like expansions of the margin jnst bel9w it. Tentral valve 
with prominent sharp beak, very commonlT onrved over; area 
triangular ; foramen triangular, closed over in part by a pseado- 
deltidium. Dorsal valve with small narrow area; brachial spires 
present and highly developed, as msj &irly often be seen on 
breaking open the shell (fig. 64). Thej oocnpy ^most all the 
Talve, tiieir apices being directed outwards. 

EL F. Woodward notes that siUoided specimens occur in which 



Fig. 1IS.Spir^erina Waleottn 
(Liu). Showing pnnoUta 

the spires may be freed by the nse of add from the matter that 
obscures them. 

Ootlandian to Permian. Very abnndant in species in the 
Devonian and Carboni/erout. 

Bpiriferina (fig. 65). — Like Spirifer, bnt pnnctate, and with 
a median septum in the v<;iitral valve. Typically smaller than 
Spirifer. Ferforations caa easily be seen with a lens, especially 
on slightly rubbed specimens. 

CarboniferouB to Lixu ; typically the latter. 

Eetzia. — Shell punctate; marked by strong radial ribi. 
Foramen, with deltidium under it, in ventral valve. Spires 
in dorsal valve, mucb as in Spirifer. 

Xtie genus, in \ta usual wide sense, is Oodandian to Triat. 

Herlstella (formerly classed with Athyris). — One of the Spin- 
feridte. Shell impunctate, smooth, and resembling in form a 
wide Terebratulu, but without the foramen of that genus, 
Well marked median seutnm in dorsal valve : spires similar to 
Spirifer. 

Gotlandian and Devonian. 

Atrypa. — Shell impnnctate, and resembling Rhynchonella, but 
typically with a straighter hinge-line. Foramen in beak, which 
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is ourved orw ; deltidinm below ; no area. I>onal -valve with 
large spires, their apioes directed towards the central part of the 
inner surface of the yalve, and thus nearly touching one another* 
Ordovician to Trias ; especially Ootlandian and Devonian, 
Eoninckina. — Form somewhat like Productus; dorsal valve 
concave. Apices of spires directed outwards. 
Trias of Alps. 

Orthis. — Shell punctate, commonly approaching a rectangular 
shape, the valves often almost equal, and both only slightly con- 
vex ; marked with radial grooves in almost all cases. Hinge-lin& 
straight, but shorter than the greatest width of the valve ; each 
valve with an area which is notched in the centre, the twa 
triangular notches together forming the foramen. Strongly 
marked muscular and vascular impressions. Cardinal procesa 
not divided (in some allied genera it is furrowed) ; brachial 
crura present, but small, and neither loop nor spires. 

L, Cambrian to Ca) boniferotu. An extremely abundant genus 
in the older Palseozoic. 

Strophomena. — The Strophomenid® have received of late con- 
siderable revision, on account of variations in the internal 
characters of species previously grouped under the same genus. 
Strophomena itself now includes shells without crura (compare 
Orthis), and with ventral muscular area bounded by raised 
margin. Ventral valve concave, dorsal convex. (Example : — 
Strophomena rugosa,) 

Ordovician. 

Leptcsna.* — like Strophomena in general, but with dorsal valve 
concave, ventral convex, and broad shallow ventral muscular 
area. The edges of the valves are often bent sharply over in 
a dorsal direction. Flatter part distinctly wrinkled in con- 
centric folds. (Example : — Leptcena rhomboidalia.) 

Ordovician to Carboni/erous, Doubt hangs over all the species 
recorded from the lias. Mun'er-Chalmas finds that some possess 
brachial spires, and has referred them to a new genus, Eoninck- 
ella {Bull, 80C, gioL France, 3me. s^r., t. viii., p. 279). 

Bafinesqnina. — Like Lept»na, but withoat the abrupt bend in 
the shell, and un wrinkled. (Example : — Bafinesquvna (Stropho- 
mena) aUernata,) 

Ordovician. 



Frodactus (fig. 66). — Shell punctate, the perforations being 
• See Hall, Pal. of New York StaU, vol viii. (1892), &c 
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[irodnced m apines of varions lengths. Not ftttttchod by » 
pedicle, SB an the preceding genera, but free, or oocaaioiudlj 
fixed by the ipinow inrikoe of the veutntl Tklve." Sar&ca 



Fig. 66. — FrodMdtu gigaaUut (Carboiufecona), 

sometimes Bmooth ; more commonly ribbed, with hollow spinea, 
oet mostly in the neighbourhood of the hinge. Tentrol valve 
strongly convex, with curviiig beak; dorsal valre concave. 
Ko foramen ; no hinge-teeth. Hinge-line straight, sometimea 
forming the greatest width of the ahell, with ear-like exp&naions; 
sometimes shprter. 

DtvoTuan to Parmian. Especially Catbonjfarmu. 

K Inabticui^ta. 

Valves not connected by a hinge, being kept closed by the 
adductor masclea, and moved apart in a lateral direction by 
"protractor eliding muscles," so that the apices of the valvea aze 
made to diverge from one another sideways, instead of approacb- 
ing one another on opening, aa in the more common bracluopods, 
the Articulata. 

X.ingnla. — Shell formed of alternating lamelln of homy matter 
and phosphate of lime, the former predominating ; flexible in 
modern examples ; punctate. Almost equivalTe, each valvie 
shaped tike a flat shovel, pointed at the beak, tmncated on the 
opposite margin. Smooth, or marked by mere delicate ooncentrio 
growth-Unea. A pedicle emerged between the beaks of tbs 
valves. 

Ordovieian to SacgnL 

Llngnlella. — Like Lingula, but with a vertdoal alit numing 
from the beak of the ventral valve, probably to allow of tha 

■ Sm R. Btharidga, j«n., Qtiart. Jom-ii. (hat. Sot,, 1876> p. 4D«, wd 1878, 
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puaage of tha pedial& Mnsootar imprenioitf stronger thaa in 
Lingnlft. 

L. Cambrian to Ordovician. 

Obolfllla. — Shell hnitt up like that of Lingala, but with phos- 
phate of lime preponderatiag over the homy Uysra. Form Ap- 
proaching circular, nearly eqaivalve; valvea only slightlr convex, 
and concentrically marked. The beak of the ventral valve is far- 
rowed on the inner side by a groove for the pedicle. Differs from 
ObOlQB only in fonn and position of muscular impressions, those 
near the centre of the valve in Obolella being widest at the end 
away from the beak, while in Obolns this end is narrowest, 

Soth genera have the same range, Camibrian and Ordomeian, 

Sisctna (fig. 67). — Shell minutely pnnctate, composed mostlj 
of homy matter. Ineqnivalve. fonn circular, smooth or 
concentrically marked. Ventral valve fiat or slightly conical, 
with beak almost central j a foramen oconn close against the 



.^ 6S. — Crania pariiientU 
(geaoniui). loterior of ven- 
tral vaJve. 

beak in adnlt forms, and from it a fnrrow some times runs externally 
towards the margin. Dorsal valve ooniool, with an excentrio 
beak. The forms with a furrow have been called Orbioilloidea, 
and those with a ventral mediazi septum DiedolBoa, leaving 
Disoina only for Keoent species. In its osnal wider sense, 
Discina is Cambrian to Becent. 



CranU (fig. 68). — Shell showing pttnctation on inner snrfitoe 
only, the tnbnles breaking np into a nnmber of mnch more 
minnte ones as they near the outer snr&ce. Oaloareous and 
&irly thick ; anb-rectangnlar to circular ; surfaoe smooth, or 
ribbed with ridges radiating from the beaks. Ventral valve 
conical and attached by the actual shell-substance of the beak, 
which is commonly nearly central Dorsal valve oonical, also 
wit^ nearly central beak. Both valves have well developed 
muscular impressions and a characteristic broad fiat border 
marked by granulations. The ventral valve is naturally often 
fonnd adherent to other fossils, without the dorsal valve. 

Ordoviaan to Eaemt. 21 
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CHAPTER XXIV. 

rOSSIL GBNBBIO TT?*8. 

TIL LEtmellibnuiebiBta. 

In ocmtnat with those of the Brachiopoda, the biTalve shells of 
these ii.nim«.l<i hare tjpically equal valves. Moreover, hold tho 
■h«ll so that one valve faces the obserrer and the umbos fom 
the highest point ; a vertical plane passing through tbe ambos, 
aiul perpendicular to the pl&ite of junction of the valves, will 
divide tiie shell into two unequal parts. He&oe the shells ktb 



bx the eitemai ligamaDt. ft. Hinge, with tfaraa 
v~u~B V— <— ~> .«eth; the middle one \» dlTid«d by a groove, f, 
LnniJe. p, Palli&I line ; tbe infold or sino* indicates the position of 
the letraetor mnicle of the siphons. «, Umbo. 

scud to be egruivaive but inaquUateral. The longer part is in 
ftlmost all oases the posterior. 

One or other valve may beoome smaller ; but in these ineqai* 
valve genera the inequilateral character will probably betray 
itself (fig. 72). Similarly some genera have shells that &r» 
praotically equilateral ; but a slight difference of the hinge-line 
on either side of the umbo (fig. 91), or the posterior position of the 
single internal muscular impression, will often serve as a guide. 

^le classification here adopted seems suited to those who 
unfortunately have to deal with empty shells rather than wilii 
living moUosos ; but it must not be regarded in all cases as an 
expression of the nearest zoological alliances. The separatioii 
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of Leda and Nncula is a marked illuBtration of thia. (See the 
intereBiing diflcuasion by F. Bernard, Faleontologie, pp. 541-543.) 

Terms ased :^ 

Anterior Border. — The end of the shell where the month and 
foot were situated. 

Fosterior Border. — The end of the shell where the cloacal 
aperture and, in siphonate forms, the siphons, were situated. 

Umbo. — The beak or apex of either valve. This in the 
majoritj of forms is directed forwards — i.e., towards the anterior 
end. Sometimes bent round or even pointing posteriorly. 

Hinge-line or <' Hinge-border." — ^The line along which move- 
ment takes place when the valves open. 

VerUrcU Border. — That opposite to the hinge-Hne. 

Bight and Left Valves. — The shell is held resting upon its 
ventral border, and the anterior border of the shell is directed 
away from the observer. The ''right" valve is then to his 
right, the " left" valve to his left. 

Ligament — ^The ''external ligament" (by which the valves 
would be opened unless held closed by the muscles within) is 
placed, in the main, posteriorly to the umbos, and sometimes- 
leaves an impression above this part of the hinge-line. The 
** internal ligament^" or " cartilage, lies within, below the hinge- 
line, and is set in UgammUal grooves or pU$ (figs. 84 and 93), 
which are seen near the hinge when the animal matter has 
disappeared. It may be remembered that the internal ligament 
becomes compressed when the valves close, and that its expan- 
sion causes them to open directly the muscular pull is released* 
Sometimes only one of the ligaments is present. 

Area, or Becuicheon. — ^A generally elongated oval area seen 
behind the umbos in some genera, when the valves are united, 
and running some way along the hinge-line. 

LuMule. — ^An o^al area seen, when the valves are united, in 
£ront of the umbos. 

Gaping. — ^When the valves are closed, and yet leave an 
opening at one or both ends, the shell is said to be gaping. 

The following structures must be noticed on the interior of 
the valves : — 

Ca/rdinal Teeth. — One or more processes, fitting into sockets 
In the opposing valve, and arising near the centre of the hinge- 
line. The teeth thus alternate in opposite valves. The tru» 
cardinal teeth arise below the umbo, but may extend back 
obliquely from it, so as to stimulate lateral teeth. 

Lateral Teeth. — Similar processes commonly ricU;e-like, towarda 
the anterior or posterior end of the hinge (figs. 69 and 73). 

Jitueular Jwipremom.'^Theii^ are i£allow, fidrly oiroulari or 
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pear-shaped pits representing the sorfaoes of attachment of the 
adductor muscles, or muscles used in keeping the shell closed. 
Sometimes only one (the posterior), sometimes two, are present 
in each valve. When the two impressions are fairly equal in 
area, the shell is that of a Homomyarian ; when the anterior 
impression is smaller, it is that of a Heteromyarian, The ani m als 
with only one adductor muscle are said to be Monomyarian. 

PcUlial Line. — ^This is a faint impressed line, parallel to the 
border of the valve and a little way within it, representing the 
line of attachment of the muscles that are placed near the edge 
of the mantle. If it is continuously convex outwardly, the 
shell is said to be irUegripaUieUe. If it is more or less indented 
by a pallial sinus, the shell is tinupaUiate, 

Pauial Sinus, — An infold of the posterior portion of the 
pallial line, sometimes a mere shallow curve, sometimes deep 
and extending back even beyond the centre of the valve. This 
occurs only in forms which can extend and retract their siphons. 

The structure of the shell-substance itself exhibits two layers, 
the whole being covered in life by a skin, or ^'periostracum.** The 
outer layer, sometimes thick, sometimes thin, consists of calcareous 
prisms in contact along their walls. Here and there a polygonal 
interspace occurs. The fibrous structure seen on cross-fnLCture 
of Inoceramus is due to well-developed prisms of this nature. 

The inner layer is formed of delicate, compact^ and peariy 
lamells, sometimes accumulated to a great thicfaiess. These 
layers occasionally leave irregular interspaces or chambers of 
flattened and curving form, as in the thickened region near the 
umbos of some oysters. 

The shell-substance is sometime? calcite, but most commonly 
aragonite. Or, when both minerals are present, the outer layer con- 
sists of calcite, the inner of aragonite. The mineral constitution 
of the sheUs of many genera yet awaits investigation, and the 
usual alteration of aragonite in old forms into granular calcite pre- 
cludes certainty of determination in some extinct examples. 

The lamclUbranchiata are mostly marine; the fire«h- water 
types referred to will be specially indicated. Some genera are 
attached to the sea-floor by the shell itself; others by fibrous 
outgrowths, the byaws, issuing near the umbos ; others are free 
and locomotive. A few lamellibranchs, of diflerent fiunilies, 
bore into mud, wood (as Teredo, the ship-worm), or into other 
shells, corals, or even the hardest stone (as Pholas and Litho- 
domus) ; the cavity thus made is called a crypt, and is increased 
until the animal and shell attain their full development. Thus 
the animal cannot leave the cavity, communication being kept 
np with the exterior through the narrow opening which repre- 
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sents the first stage of the boring. The siphons are tamed 
upwards, the anterior end of the animal being downwards, and a 
calcareous siphonal tube is sometimes developed, the small shell- 
Talves becoming dwarfed by comparison and incorporated with 
the tube, and the whole shell thus appearing cylindrical. Asper- 
gillam is one of the most remarkable examples. 

Boring shells are often represented merely by casts of their 
crypts, which are often club-shaped, the short handb of the club 
b^ing the result of the infilling of the narrow entry to the cavity. 

Fossil siphonate shells are occasionally found — and should be 
looked for — ^in the position in which they lived in the soft mud 
which ultimately entombed them ; their umbos are thus directed 
downwards, and their siphonal ends upwards, in the stratum. 

A. HOMOMTABIAN SiPHONATE FORMS WITH PaLLIAL SiNUS 

(Sinupalliatk). 

The adductor muscular impressions are two in each valve, one 
posterior, one anterior, and fiiirly equally developed. The 
animal possessed long retractile siphons. In certain exceptional 
flEunilies these siphons are encased in a calcareous tube projecting 
&r bevond the limits of the valves. 

Cytnerea (fig. 69). — Shell thick, approximating to circular, 
umbo well forward, with lunule. Generally concentrically 
marked. Three diverging well developed cardinal teeth in each 
valve. An anterior lateral tooth in left valve. Pallial sinus acute- 
angled, moderately developed. Inner margin of shell smooth. 
Cret<ice(ms to BecetU, 

Venus. — Like Oytherea, but without lateral tooth, and com- 
monly with delicately grooved inner border. 
Jurassic to Recent. 

Tellina. — Slightly inequivalve. Shell thin, elongated oval, 
rounded anteriorly, more acute behind. Umbos almost in 

centre. Concentrically marked. Hinge nar- 
row; in each valve two cardinal teeth, and 
commonly an anterior and posterior lateral 
tooth. Sinus very broad and deep (fig. 70). 

Cretaceous to EecerU; this genus is par^ 
ticularly rich in living species. 

Pig. lO.^TeUina 

(Post - PUocene). PanopflBa (Glycimeris). — Shell thick, often 
Right valve, large, and approaching an elongated rectangle. 
^SSTSmI^* Gaping at both ends. Umbos rounded and 

placed well forward. Concentrically marked. 
One cardinal tooth in each valve. 
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NoU, — The limits of this genns are somewliat f^Mcmn. 

Cainozoie. Many older forms referred to PanopsBa are now 
placed with the PholadomTidffi (Gresslya, &c,) 

Pholadomya. — Shell thin, elongated or obliquely oval, markedly 
convex ; gaping behind and sometimes in front. Anterior border 
a little truncated. Umbos well forward. Escutcheon some- 
times present. Marked with knotty radial ribs, particularly on 
the anterior sur&ce; also with more delicate concentric lines. 
Practically toothless, one obscure process occurring in each 
valve. Sinus broad and &irly deep. The thinness of the shell 
makes casts alone commonly met with. 

Lieu to Recent, Characteristically Jurassic. 

Goniomya. — Like Pholadomya, but marked with rather delicate 
ribs, forming Vs, the angle of which is directed towards the 
middle of the ventral border. 

Especially Jurassic. 

Homomya. — Like Pholadomya, rather elongated, gaping at 
both ends, but with only concentric striations. 

Trias to Cretaceous. 

Gresslya. — Also one of the Pholadomyidse. Elongated oval, 
much like the longer Pholadomyas, but right valve somewhat 
larger than left, the umbo rising higher. Umbos well forward ; 
lunule present, no escutcheon. Concentrically marked. No 
teeth. Eight valve with a ridge running along the hinge-Une 
from the umbo posteriorly, which leaves a furrow in the 
casts that frequently occur. Compare Ceromya^ 

Trias to Jurassic. 

Geromya (Isocardia in part). — Inequivalve, sometimes the 
right, but more comm<Mily the lefb valve being slightly the larger, 
the umbo rising higher, as in Gresslya, and the posterior border 
overlapping that of the other valve. Approximating to circular, 
strongly convex, slightly gaping. Umbos large and well rounded ; 
lunule feeble or absent. Concentrically marked. No teeth. 
Hidge in right valve, as in Gresslya. Commonly found as casts. 

Typically Middle and Upper Jurassic. 

Mactra. — Shell fairly thick, approximately triangular, rounded 
in front, more pointed behind; gaping slightly posteriorly. 
Ooncentrically marked. A cardinal tooth in each valve, bifur- 
cating, and thus shaped like an inverted V; behind it, and still 
under the umbo, a triangular pit, which marks the position of 
the cartilage or internal ligament. A second cardinal tooth, of 
lamellar shape, is sometimes present. Anterior and posterior 
Jamellar lateral teeth well marked, those of the right valve being 
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doable — Le., consisting of two parallel ridges running along the 
hinge-line. Sinus shallow. 
^ Middle Jttrassic to Eecent, Especially Cainoxoic. 

Mya (fig. 71). — Inequiyalve, left valve the smaller. Elon- 
gated, somewhat oblong ; gaping markedly at both ends. TTmbos 





Kg. 11.— Mya trunccUa (Poet- Fig. IZ^CoHnUa pinm {OUgoome). 
Pliocene). Left valve, showing Showing inequivAlve charMter. 

the large spoon-like process be- 
neftth the umba 

approaching centre of margin. Concentrically marked. Lefb 
valve with a well developed spoon-like process under the nmbo^ 
for the attachment of the cartilage. Bight valve with one small 
cardinal tooth. Sinus large and deep; pallial line often shows 
etrong subsidiary impressions running upwards from it. 

The Myas burrow into sandy mud, particularly near the shore. 
' Miocene to Recent. 

Corbola (fig. 72). — ^Ally of Hya. Inequivalve, lefb valve much 
the smaller. Shell small, oval, produced posteriorly, ending 
there with rather a straight border ; not gaping. Concentrically 
marked. One cardinal tooth in right valve ; left valve with a 
process much like that of Mya, which fits into a groove behind 
the tooth of the right valve. Sinus quite shallow. 

Marine or Estuarine. 

Trias to Recent, Especially Cainozoic. 

"LedSL — Shell small, elongated and narrowed posteriorly, with 
umbos directed backwards. Hinge-line bent, with numerous 
transverse teeth, as in Nucula, with which Leda should be com- 
pared (see fig. 80)* 

Chtlandian to Recent 

Teredo. — One of the Pholadidee; the so-called ship-worm. 
Shell small, each valve three-lobed, the central lobe the longest 
Concentrically striated. No true hinge or ligament, the valves 
being quite subsidiary to the great siphonal tube, which extends 
far beyond them. 
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The borings of this mollaac are tabular like those of woms, 
bat typically somewhat straighter; they are found oommonly in 
fossil wood, as in the London Clay, either empty or infilled with 
mad or crystalline deposits. 

Lia$ to Beceni, Especially Cainozoio. 



R HOMOMTARIAH SiPHONATB F0BM8 WITHOUT PaLLIAL 

Sinus (Inteqripalliatb). 

The adductor muscular impressions are two in each valve, as 
in the preceding group, and the absence of tlie pallial sinus 
makes the interior of the valves resemble those of homomyarian 
asiphonate forms. The siphons of the animal were not retnu^tile. 

Cardium. — The common Cockle. Shell fairly thick, approxi- 
mately circular, or elongated in a vertical direction ; sometimes 
slightly gaping behind. Umbos rather large and rounded. 
Badially ribbed, the ribs commonly ornamented with protuber- 
ances. Two cardinal teeth and an anterior and posterior lateral 
in each valve (fig. 73). Inner border notched. 

Forms with radial markings on the posterior part only, and 
concentric on the remainder, have been sometimes divided off 
under the name Protocardia. 

Rhoitic to Recent ; especially Cainoxoie. 

Gonooardium (fig. 74). — Shell heart-shaped when viewed firom 





Fig. 78. — Hinge of Cardium edvle Fig. 's^-^Ckmocardixim aitfcrmA 
(Recent). Lwt valve, c. The two (Carboniferous), 

cardinal teeth. I, The ridge-like 
lateral teeth. 

the front, but somewhat elongated behind; strongly convex. 
The anterior end is truncated, the umbo being close to it ; just 
below the umbo a tube-like prolongation of the shell runs out in 
continuation of the hinge-line. Gaping at the posterior end. 
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Itadially marked; margins sharply folded by the ridges and 
farrows. Almost toothless. 

QoUandian to Carhaniferoui, 

Cyrena (fig. 75). — Shell thick, oval, sometimes rather acute 
posteriorly. Ooncentrically marked. Three cardinal teeth and 
an anterior and posterior lateral in each valve. Sometimes a 
slight pallial sinas. In the sub-genus Corbicola the lateral teeth 
are elongated and transversely striated. 




Fig. '!5,^0yrena cuneiformU (Lower London Tertiariat). 



Brackish or fresh^water at present day, bat often associated at 
river-months with typically marine shells, and hence of little 
valne as a gaide to conditions of deposition. 
Ziaa to RecenL 

Cyclas (SphflBrium). — Ally of Cyrena, but shell thin and nearly 
eqaUateraJ. One feeble cardinal tooth in right valve and two in 
left. Lamellar anterior and posterior lateral teeth. Fresh-water.. 
The reference of Wealden species to this genus has been criticised, 
though very generally made. Sandberger quotes the earliest 
Oyclas as Eocene^ referring older forms to Cyrena, &c. 

Cyprina.— Shell thick, oval, resembling Cjrtherea; markedly 

convex. Concentrically striated. Two car- 
dinal teeth and one posterior lateral tooth 
in each valve. There are also two feeble 
anterior lateral teeth in the right valve; 
and in the left valve one anterior lateral 

Lias to ReoevU, 

Astarte (fig. 76). — Shell thick, approach- 
ing circular at times, at others obliquely 
elongated. Umbos rather pointed ; lunule 
generally present. Concentrically marked* 
Two cardinal teeth in each valve; no laterals. 
Xfof to Recent. Especially Cainozoio. 




Fig. 7G. — AHarU 
degana (Liferior 
Oolite). 
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Cardita. — Shell thick, somewhat like Cardium, bat occasionally 
ek)ngated. Umbos well forward. Badially ribbed. Inner 
border notched. Two elongated cardinal teeth, and a feeble 
anterior lateral, in right valve ; two divergent cardinal teeth, 
and one feeble posterior lateral, in left valve. (As to dif&culty 
in reading teeth in Cardita, see Fischer, Conohyliologie^ p. 902.) 

Trias to Recent Especially Cainozoic, 

YenOTicardia. — Much like Cardita. Tvo oblique cardinal 
teeth, and a feeble anterior lateral, in right valve ; two cardinal 
teeth and one long lamellar posterior lateral in left valve. 
Interior of margin of shell distinctly notched. 

£ocene to Recent. 

Crassatella. — Shell decidedly thick, oval, truncated slightly at 
posterior margin. Lunule present. Three cardinal teeth in 
right, two in left valve ; an anterior and posterior lateral in both. 
Pit for cartilage immediately below the umbos, and behind the 
middle cardinal tooth of the right valve. 

Gretaceoua to Recent, Especially U. Cretaceous and Eocene, 



Cardinia — Placed by S. P. Woodward near Cardita^ by other 
authors as an asiphonate form near Unio. Shell elongated, oval, 
flattened at the sides. Umbo well forward. Concentrically 
marked. Two cardinal teeth in left valve, one in right, their 
feeble development being a characteristic feature; anterior 
lateral tooth in right valve, elongated posterior lateral in left, 
well developed. 

Jurassic. Especially Lias. 



Ghama. — Inequivalve j commonly attached by the umbo of the 
left valve, the upper valve, which is therefore generally the rights 
l»eing the smaller. Shell tiiick, almost circular. Umbos of both 
valves bent forward and curved over, as if about to coil spirally. 
Concentrically marked, the successive shell-layers protrudiog 
beneath one another with irregularly serrated edges, giving 
the surface a foliaceous appearance. One stout cardinal tooth in 
upper valve, two in lower, between which the first-named fite. 

Lower Cretaceous to Recent. Especially Cainozoic. 

Diceras. — Slightly inequivalve ; attached by umbo of coLe or 
other valve. Shell thick, approximately circular. Umbos very 
])rominent, each being spirally curved and recumbent, as it were, 
against the surface of the shell. Concentrically marked. Ri^t 
valve with one cardinal tooth, somewhat flattened and folded; 
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also a smftUer tooth neiir the anterior end of the hinge. Left 
yaWe with one cnrying tooth, which is elongated i^rallel to 

the border. The carved muscnlar im- 
pressions are bounded by ridges, which 
leave spiral grooves on the casts that 
often oocur; these grooves ran almost 
vertically down towards the edge repre- 
senting the margin of the valves. In 
such casts the ambos appear still more 
distinctly prominent, the spiral turns of 
the internal moulds not being in contact 
with one another. 

Jl£, and U. Jurassic (Tithonian). 
Hipporites (fig. 77).— This extraordin- 
ary shell, a representative of an altogether 
exceptional family, the RudistsB, is now 
regarded as allied to Diceras and the 
other Chamidsd, particularly through 
Monopleara, in which one valve is coni- 
cal and the other like an operculum 
fitting on it. In Hippurites the shell 
is also very inequivalve, the lower valve, 
which is the right, being conical, or more 
often cylindrica], terminating in a cone 
at the basa This valve is vertically 
furrowed and ribbed. Left valve small 
and flattish, strewn over with the small 
apertures of canals which perforate the 
shell; radially ribbed in most cases, with 
oentnd umbo ; resembles an operculum 
when closed down on the large right 
valve. The interior of the left valve 
bears long vertical processes corre- 
sponding to teethy which fit into deep sockets in the lower valve. 
The chamber in which the animal lived is quite small, the 
lower part of the shell being filled up by the deposit of the 
inner shell-layer, which produces a succession of irregularly 
curving partitions, with interspace& A similar infilling occurs 
within the long umbos of certain oysters. 

In some allied forms, as Badiolites, the outer prismatic shell- 
layer presents on fracture a coarse structure of hollow rectangular 
cells. 

The resemblance that the shells of Hippurites, &a, bear to 
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Fig. TI, ^Hippurites (Sen- 
onian). Left (opercolar) 
valve removed. 
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conU IB sometimes increued bj their clnitoring togeUi«r and 
groffing up side by aide ia gKin|w. 
Entirely Creiaetout ; particaWly in the higher beds. 



C. HoHOHTARUir ASIPHOVATB F0BII8 (IhTKORIFAUJATK). 

The animal does not posaeM diatioct siphoaa. The impre*- 
■ions of the anterior and posterior adductor musolea are practi- 
cally of the same size. Shell typically equivalve. 

Jurcft(fig. 78^.— Shell thick, approaching rectangular; markedly 
convex. Untbos prominent and rounded, with a triangular 
striated area between them and the hinge-line, forming a si^aco 
of attachment for the ligament during life. Badially marked. 
Straight hinge-line. Teeth very numerous in each valve, fbrming 
well-marked short transTerse ridges on the brood surface of the 




hinge, the series extending on each side of the ombo nearly to 
the lateral margins. 

Pre-eocene forms are perhaps more allied to Farallelodon. 

Ordovician (1) to Recent. 

Cyrtodonta (FolEBarca). — Close allyof Area; umbo near anterior 
border. Some of the teeth lie beneath the umbo, others are set 
near the posterior part of the hinge. Ooncentrically striated. 

CanAnan to Devonian. 

Cncolltea (fig. T9). — Like a stout Area in form ; but the teeth 
nearest the anterior and posterior mai^ins are set parallel tel^e 
hinge-line, forming horizontal ridges. Ooncentrically striated. 

DwonioM to Recent. Especially Meaoxoie. Whidbome, FaL 
jSjc., " Devonian Fauna," vol. iii. (1898), p. 109, includes two 
Devonian species. 

ParalleloaoQ (Uacrodon). — Much like CucullKa, but umbo more 
anterior, and anterior teeth transverse, posterior parallel to 
hinge-line and ridge-like. 



UMKLLIBBAIICHIATA. 3SS 

I>evoman to Xoemu. Espeoi&lW Carboniftrotu. 

PoctascnlOB. — Shell thick; Talvea almost cironlar «ud oqui- 
IftteraL Triuignl»r ligamental Borbce aa in Area. In most 
species radi&llj and rather delicately ro&rked. Hinge-line carred, 
with aaroeroTiB tranaverae teeth, those nearest the centre being 
oblitersted aa the shell approaches old age. Inner margin of 
Talves notched. Shell aragonite {ComxMh and KendaS). 

Lotoar Crttaeeout to Seemt, Eapecially Cainoxoie. 

Cardiola. — Form intermediate between a tvpical Area and a 
FectuncnluB. TTmboi distinctly anterior and slightly twisted. 
Ziigamental surface under them as in Area and Pectunculus. 
Surface furrowed radially and concentrically, so as to give a 
nodose aspect. Hinge-line straight. Believed to be toothless. 
The alliance of this shell irith the Arcida is fairly clear, despite 
the obscurity as to its teeth. 

Ootlandian and Dewmian, 

Mocola (fig. 80). — Shell small, somewhat triangular, Ui« umbo 
forming the apex. The umbos point backwai^s, the smaller 
half of each vwve being thus, by an exception, posterior.* Hing»- 



border forming two lines diverging from the umbos ; the teeth 
resemble those of Area, and are set along the two diverging lines 
of the hinge. A pit for the cartilage occurs under the umbo. 
Concentri<»lly or radially marked. Compare Leda, p. 337. 
QoUaadiian io SeemU. 



TrlgonliL — Shell thick, typically rather angular at nmbo, 
rounded anteriorly ; drawn out, but finally truncated, behind. 
Umbo bent slightly backwards. A. large area or escutcheon is 
commonly formed on the posterior snr&ce, bounded on eacdi 
valve by a fold, which runs from the umbo to the lower point 

r. 4, voLiii. 
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of the truncated border. A subsidiary escutoheon is formed 
within this by another pair of folds, which occur much nearer to 
the hinge-line. Marked with nodose radial (n^J oonoentric) 
ribs, wluch are generally coarsely developed. The posterior area 
above described is often smoother than the rest of the sor&oe^ 
and is marked by strise parallel to the truncated border. Two 
diverging plate-like cardinal teeth in right valve, with parallel 
grooves on their broad surfaces ; one strong central tooth in left 
valve, with a feebler tooth on each side of it. 

When the shell is lost, the fossil forms are represented by 
casts, in which the nodose ribs are wanting. Hence the char- 
acteristic form, and particularly the impressions of the furrowed 
teeth, must be taken as a guide. 
Trws to Beceni. Yery rare in Cainazaic ; abundant in Jwrasne, 
Schizodus. — Form much like a small Trigonia. Surfikoe 
smooth. Teeth like Trigonia^ but not furrowed. 

2jrpically Permian, 
yophoria. — Form somewhat like Trigonia, with an external 
ridge and furrow running obliquely from the umbo to the juno- 
tion of the ventral and posterior borders. Smooth, or ribbed 
concentrically or radially. Teeth as in Trigonia, but ihe anterior 
one in the right valve is not furrowed. 

This genus is with difficulty separated from Trigonia, but the 
shells are typically smaller and not nodose. Nor is tlie umbo 
so an^lar as in Trigonia. 

Trtas. 

Unio. — Shell fairly thick, elongated oval, and sometimes ap- 
proaching a parallelogram. Umbos well forward. Commonly 
rather smooth, concentrically marked. Two irregular teeth in 
each valve ; these are followed by one posterior lateral tooth im 
right valve, and by two in left, elongated parallel to the bordei; 
Fresh-water. 

Tricu to Beeent ; especially abundant at the present day. 

Anodonta. — Shell thin; otherwise like Unio, but devdld of 
teeth. Fresh-water. 

Cainozoic, 

Archanodon. — Early ally of Anodonta. Probably toothless. 
U, Devonian (A, Jukesii)^ in passage-beds to Carboniferous. 

Carbonicola (Anthracoida). ---Outwardly has some resemblance 
to Cardinia. One cardinal tooth in each valve; no laterals. 
Probably Fresh-water (Hind). 

CocU'Meaeures, 

Orthonota.— Elongated, oval ; umbos near anterior end ; well 
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marked Innule. One or two folds run obliquely from each ambo 
to the base of the posterior margin. Hinge-line straight, with one 
or two small canunal teeth.. Of somewhat doubtful affinities. 
Ordovician and GoUandian, 

NoU, — Grammysia is cloeely allied, but its mnscular impresmons 
would arbitrarily remoTG it to the heteromyaria. It is characterised by 
absence of teeth and by two or more grooves and ridges running from 
the umbo to the base of the posterior margin, and forming a broader or 
Barrower band across the concentrically striated shell or across its casts. 
The form is thus much like Qrthonota; also like Modiola. OoUjtnaiati 
Bind Devonian. 

D. HSTBROMTABIAy SiPHONATE FORMS WITHOUT PaLLIAL 

Sinus (Inteoripaluate). 

For muscles, see section E below. 

Dreissena ^eissensia). — Though a siphonate form, this is 
a close ally of Lithodomus and Modiola. Shell like My tilus, or 
approximately quadrilateral, with an anterior opening between 
the yalves for the byssus. Hinge-line somewhat curved ; umbos 
terminaL Often a fold, as in Modiola, runs from the umbos 
towards the base of the posterior margin. Smooth, or con- 
centrically marked. One or two feebly developed cardinal 
teeth, accompanied below the umbo by a plate which bears an 
impression of the anterior muscle. Inner shell-layer absent. 

Fresh and Brackieh Water. 

Eocene to Recent. Especially Miocene and Pliocene, 

Congeria. — ^A marine ally of Dreissena, with a small process 
for pedal muscle behind anterior muscular impression. 

Cainozoie and BecetU, Abundant in Miocene and Pliocene, 

E. Hbtesomtarian Asiphokate forms (Integripalliate). 

The impression of the anterior adductor muscle is much 
smaller than that of the posterior. Shell often inequivalve. 

Avicula. — Inequivalve, the left valve more convex than the 
right. Typically rather small ; obliquely oval, often resembling 
the shape of an insect's wing. Straight hinge-line ; umbo not 
very prominent. The shell is expanded posteriorly under the 
hinge-line to lorm a well-marked ear; a much smaller ear, 
notched for the exit of the byssus bj which the animal was 
attached, occur i in front of the umbo. Commonly marked 
radially. One feeble cardinal tooth, and sometimes a long 
posterior lateral tooth, in each valve. Cartilage-pit broad. 

Ordovician to Recent; but characteristically Mesozoic and 
Cainozoie, 

Pt6rine& — Huch like Avicula, but with larger posterior ear, 
and a number of short hinge-teeth; three or more elongated 
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poatflrior Uteral teeth run obliqael^ from ander the Timbo 
tonrds the centre of the large poeterior ear. 

Ordovician to Carboniferous. Mostly Devonian. 

Poddonoinya (fig. 81). — Equiralve. Shell thin and laterally 
compressed. Obliquely and rather broadly OvaL Umbos not 
prominent ; hinj^o-line short and straight, without tra« ears. 
Ooncentiically marked. No teeth. See Eatheria (Fhyllc^Mid*). 

Ordovieian to Juraanc Eepeci&lly Carbonifer&ttt. 

HonoUs. — Eqaivalve; typically small; form much lik« Vomr 
donomya, hat with a small rounded anterior ear and a mora 
marked posterior one. Radially marked. No teeth. 

Trial. 

Daonella. — Ally of Monotis. Form rather Kmicirciilar, vidt 
« &irly long straight hinge-line. No eus. Umbos almost 
oentraf and not prominent. Badially marked. No teeth. 

TrioM. 

Inocemnos (fig. 83).— Somewbat inequiralTe. Varying much 
in size, some species measuring two feet or more across. Form 
obliquely oral, with a ittaight hinge-line. Umbos &irly prominent, 
vometimes twisted, and set well ibrward. Concentrically and 
boldly furrowed; rarely radially furrowed. The hinge-border 
bears, when viewed from within, numerous oloaely-aet ou-tilago- 



Flg. 81,—Piuidonomya Beeheri (Ou- Hg. 83.— /noiMnimw Outivi 
boniifiiou). (Senoniao). Right valve. 

pits, which lie transversely to the length of the hinge. So 
teeth. Oompare Fema below. 

The outer layer of the shell is oommonly woU preserved in the 
species from the Chalk, though not in those from the Oault; 
it is easily recognised, even in fragments, by its fibrous cross- 
fracture (see p. 324) and is often 6 mm. thick. The inner 
■ur&oe of these fragments is sbeo to be smooth and slightly 
andnlating. 
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A Bnb-gentis Actinocsniaiu (fig. 83) lui been eBtAblished for 
the singular Bpeciea with deep radul furrowa; but transitioiuJ 
ibnnaoooar. 



in tbe Uiig«-Une, wbkb U in tbii q 
eioaptioiMlly prodniMd. 

Meiozoie. I!apttcull3r Cretwxotu. 

Pema (fig. 84). — Bometimea markedly inequivalTe. Qetteral 
resemblanoe to InoeeramnB. BometimeB elongated poBteriorly, 
bat often approximately quadrilateral, vith rounded ventral 
border. The umbo, which is acute, is set Bt the anterior end of the 
straight hinge-line. Concentrically marked. ITumeroiiB trao^ 
verse ligamental pita. Toothless. Material of shell fbliaceons. 

Tfitu to Recent. 

Oervillia. — Inequi valve ; reBcmbling a much elongated Avicula. 
Hinge-line straight, with a very smaJl anterior and a larger pos- 
torior ear. Umbo terminal, like a mere anterior rounding of the 
hinge-line. Concentrically marked. Oblique ridge-like teeth, 
ranning posteriorly ; iu sub-genus Hoemesia one cardinal tooth 
in each valve. CartUage-pits conspicuouB, broad, and set at 
aome distance from one another. 

Trial to Soeme, Typically a Metozoie genus. 



Pinna. — Shell thin, elongated, each valve triangular in form; 
gaping behind, so that the whole shell is wedge-shaped. Hinge- 
line long and straight; umbos terminal Marked with fine 
concentric lines. No teeth. 

The inner shell-layer is thin, and is composed of ara- 
gonite; the prismatic (calcite) layer is thus partioularly pro- 
minent. In the allied genns Finnlgena or Tricnltes (of Juramio 
and LouMT Cnlaetaut age) the prismatic fragments are fonnd au 
inch or more in thickoeu. 

J}»uonian to JiscMit Especially Cretaeeoui. 

HjtiliiB, — The common marine mussel Shell rather thin; 
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•loBgstod sad ftiiproMluDg triuigaUr, pointed in front, roanded 
behind. Smootn, or ooDceatriohU; (rarelj radially) marked. 
Uiofj^line etraight, umbos terminal. Sometimes one at two 
obMnre cardinal te«^. 

The modem moaselB lire near the shore-line, becoming ao- 
oovered at low irater, and are attached, often to one another, 
by a coarse bysBUS. The inner shell layer is aragonite. 
Triat to Ste«TU. 

Hodiola (fig. 86). — Bean some resemblance to Mytiliu, bat in 
form approaches an elongated rectangle ; the posterior end is 
* more rounded than the anterior, and 

a broad fold often runs obliquely from 
the umbo to the base of the posterior 
margin. Umbos not quite terminal ; 
hence this region of the shell has aone 
of the triangular appearance so charac- 
teristic of the anterior end of Mytilus. 
CoQceatrically (rarely radially) marked. 
No teetL 

The modemModioIa is burrowing ia 
habit, or forms a nest around it of fragments of sand, shells, Ac. 
Devonian to Beeeni. Especi- 
ally JuroMic. 

LitbodomnB. — Close ally of 
Modiolo. Shell cylindrical, 
narrowed behind, not greatly 
elongated. Ko teeth. 

Borrows into ntones (aa at 
the famous Temple of Serapis), 
corals, Ik., forming crypts 
which yield club-shaped casti 
(see p. 834). 

Carbcn^tTOua to Recent. 
SoU.—Vot Dreiuena, ui ally of 
the kboTs lariei, see p. 835. 

Hlppopodiom (fig. 86). — Shell 

very thick and masuTe ; form 

some what likeModioIa. Lunnle 

present. Coarsely and ooncen- 

trically furrowed. One thick 

oblique cardinal tooth in each 

valTc. The muscular impreseions cause the genus to be here 

placed with the Heteromyaria ; but 8. P. Woodward regarded 

Hippopodimn aa '< a ponderons form of Oypricardia or Oardita." 

Lvit. 
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F. llOROtCTABUH ASIPBOKATB rOKHS (iMTiaBtFALLIATl). 

The shell is closed in the adnlt by one adductor muscle, which 
leaves & nearly central impression, placed rather towards the 
posterior side. It is always the anterior muscle that has dis- 
appeared. Except where specially mentioned, the luembeTs of 
thu Bub-group are toothless in the adult condition. Sbell often 
inequtvalve, and commonly attached hy one or other valre. 
Hence, when loosened, the lower valve may reveal an outer 
■car of very various form, sometimes representing, as aa 
external mould, another shell on which the young animal had 
become £zed. Occasionally in the Ostreidie the young shell lies 
on some sur&ce with prominent markings, such as that of 
I'rigonia or Cidaris, and both valves become folded to suit the 
curves of the support. As growth proceeds, the uacreous layer 
is constantly being added to within, while the shell is also 
spreading at the margins ; thus the original portions bearing the 
impress of the support become separated by new material, and 
form strangely marked umbos to the shell. The impressions are 
thus convex on the uppter valve, concave on the lower; while 
within no trace of them is to be seen. 

Ostrea (fig. 87). — Attached by left valve. Shell rather ineqni- 
v^ve, composed of foliaceous layere; often thick, especially 
near the umbos. Form rather flat, lower valve more convex. 
Irregularly rounded at ventral margin, more acute at dorsal, the 
umbos being nearly central on the binge-line. Umbo of left 




Fig. ST. -~ 0»lrta txpanta (Fortbadian). 
Shoirtcg tbicif sued charactei of th« atwll 
and tbo liDgle mnscnlac impreMiOD. 

(lower) valre more prominent than that of right. Concentrically 
maiied, with sometimes broad irregular radial foldings. A well- 
marked triangular cartilage-pit occura below the umbo. Shell 
compoaed of (»lcite {Sorby). 

Tritu to Seeent. Doubtfully Carboniferow. 

AlectryoMa (fig. 88). — A genus cat off from Ostrea to include 
fbrms with bold angular riba and furrows in both valves, the 
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mai^ns becoming conaeqa«ntly acatel^ folded, and tiia apacs 
occupied by the aaimal being mnch restricted in Tolamck 

Triat to Recent ; especially Cretaceout. 

Grypluea. — Free, or attached only by umbo of left valTe. Shell 
inequivftlve, thick, oyster-like. Nearly equilateral. Left valT» 
strongly convex, with umbo bent over and inwards ; right tsIts 
smaller, flatter, or even concave, and Bometimes reduced to ths 
appearance of an operculum. The form of the shell varies consider- 
ftbly, being, like Ostrea, sometimes expanded and approaching 
-cdircular, sometimes much narrowed. Concentrically marked. 

JAat to Recent; especially Juratate to Lower Cretaeeout. 

Exogyra (fig. 69). — Much like Gryphna, but both ombo* 
twisted backwards almost spirally. Fi^ed by left valve, which 
ifl the larger. 

Jvnune ix> Crataoumt. 



Fig. ta.~E*ogi/n ntmata (X. Crotoceoiu}. Showing twisting at 
the umbos. 



Zilmo. — Free, or attached only by 
byssos. Shell thin, equivalve ; obliquely 
oval, slightly convex, gaping at anterior 
border. TJmboB somewhat acnte, ap 
preaching a central position, and separ- 
ated from one another by a space in 



u^L anotner oy a space in ^V\ 

which a groove occurs for the ligament, m- on w;„™„» r,:— 



— - ~ i—x-j oiwsraai, paruy miernat 
(fig. 90). Short straight hinge-line, with 
a small ear on each side of umbos. 

Xhe following have been divided off a 
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Badnla, — Strong Bmooth radial ribs, vith iom« oonoentrio 
markings. Small bjual oleft under anterior eort. 

FlagiOBtoma.— Smooth, or with very alight radial markinga. 

CtenoBtreon. — A coarse form 'vibh strong irregalarly moulded 
radial ribs, and a disttnot anterior opening for the byssus. 

Lima is an important genua, ranging from Oanxmi/eroui to 
Stemt. 

Pecten (fig 91). — Free, or attaobed 0DI7 b; bjrBaos. Shell 
almost eqaiiateral, alightty ioequivalTe, the right valve being 



tt^ n.—Peetat (Cklimi^t) iita»M' Tig. Oi.—Janira qxunqmeoitata 
nw(Po*t- Pliocene). RishtTblre, (CenomuiuuiJ. 

shoiriDg the 1^m«1 notui. 

tiie more oonvex ; form almoat Bemicircalar Tentrallr, the border 
l>ecoming straighter towards the pointed timbos. Diatinot ears 
on each aide of umbos, the anterior being often the larger. 
Anterior ear of right valve sometimes deeply notched back for 
the exit of the bysEus, as in the important sub-genua Chlftmys. 
Sadially ribbed, sometimes very delicately ; but commonly on a 
bold but regular scale. A. triangular cartilage-pit appears inter- 
xtally under each umbo. 

The external shell-layer exhibits the prismatic structure with 
marked distinctness. Both layers are calcite {Sorby). 

An abundant and important genus. Devonian to Mecent. 

Janlra (fig. 93). — Inequivalve, the left valve flat or concave. 
Both valves with well marked ears, and ornamented with strong 
zkdial ribs. 

Inner shell-layer often lost {ZiUe^ and probably aragonite. 

Crttaeeous to Reeont, particularly the former. 

Avicnlopecten. — Ally of Pecten, but more inequilateraL 
Anterior ear small, posterior larger and broader. Badially 
striated. Cartilage in aeverol grooves, which ore &irly parallel 
to the hinge-line. 

Dmoman to Pvnman, 



Tbfl Bszb tvo geoan, ftlthongh monomTuiui, posseM hiage- 
teeth. 

Plieatnla (fig. 93).— AttMihed hj Umbo of right ralve. Form 
much like Ostrea. Umbos rather Mntfl^ but not praioiaentk 
. Concentric&lly marked, and eome- 
timee radially folded. Two diver- 
gent cardinal teeth in each valve, 
witb i, cartilage-pit between them. 

Trias to SecnU. EBpeejallf | 

Jurassic and Lomer Ontaceout. 

SpondflnB — ^Attached by rigbt 
valve, not merely by the umoo. 
Form fairly regular, ronnded 
ventrally, more acute dorsally, 
and alraoat equilateral Umbos 
separated Eomewhat, with a small 
«ar on either side. Right (lower) 
valve with a triangular apaoe 
between the nmbo and hinge-line, 
in which is a central grooTO which partly reoeives ihe cartilage. 
Radially ribbed ; riffbt valve Bometimea with long spines. Two 
ourved cardinal tee^ in each valve, with the cartilage-pit betw-eea 

The inner shell-layer is formed of arsgonite, and is therefbra 
«asily destroyed and seldom found. 

Jurtutic to £ec«nL Abundant at the present day. 



OHAPTEa XXV. 

POBBIL eSKBBIO TYPKB. 

VUL Sct^hopoda. 

^^1 animals of this division are Marine, and are sometimea 
rc^iarded aa the lowest of the gastropods. The shell is tubular, 
and has of^n been mistaken for the calcareous case of a wonn. 

Dentaliom. — Shell of varying sise; tubular, slightly curved, 
•ad tapeiing from the wider anterior to the narrower posterior 
end. It thus resembles an elephant's tusk In form, but is open 
at both ends. Sur&oe sometimes smooth, sometimes Iod^- 
tudinally striated. 

Ordomcian to JRgemL Espwaall; Cainoaoie. 



IX. Oantropoda. 

These include the typical univalves. The shell is ipirally 
coiled, except In aach simple types 
Of oa the Limpet, and the terms naed In ■ 

describing it are as follows : — 

Spire.— The coiled portion of the 
sheU above the terminal and youngest - 
whorL 

Whati. — A single revolution of tbe 
■piral coil of the shell. 
[fi Suture — The line of junction of 
successive vhorls, as seen on the 
finrfoce of the shell; commonly marked 
by a groove. 

U7nl»lieut.-~1be hollow sometimes 
left in the centre of the shell when 
the whorls do not touch one another 
internally. This separation some- 
times occurs only in the last whorl. 
Coiv^iiella, — The solid axis cotn- 
monly formed where the whorls come 
in contact in the central line of the 
spire. This columella is often set 
with one or more ridges, winding 
spirally up it 

Apex. — The point from which the 

Bpire commenced its growth. In the 

old age of some gastropods partitions 

F!g. 04— Gastropod (Jbstii). are formed withm the shell below the 

a. Apex. O.C, Anterior apex, and the earliest part of the 

•H, SatuK. becomes thus imperfect, and is said 

to be deeoUaled. 

The apex forms the poitmor end of the shell, the month the 
^niarior. 

Mouth. — The terminal opening, sometimes very broad, some- 
times even slit-like. It is mtir* when in no way notified or 
prolonged into canals. 

CoMols. — Tubular folds of the shell at the mouth, often o|>en 
along their under side- An anterior canal may occur, running 
out in firont, and a posterior, directed up the outside of the spire, 

BtiieittmaUmt thellt have the mouth aatdn (fig. 101); Sipamo- 
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itomaUnu sheBs possess an anterior canaL The animals of the 
latter division are, at the present day, almost all carnivorous. 

Inner Lip. — The margin of the mouth nearest to the axis of 
the spire. 

OtUer Lip, — ^The margin of the mouth away from the axis of 
the spire. This margin is sometimes thin, sometimes thickened, 
sometimes prolonged into spines, the latter being in reality 
tubular folds resembling the canals. 

Varices — Ridges or spinose bands running from the apex at 
interyals down the shell, and representing those stages in the 
growth of the spire when spines or thickenings of the outer lip 
took place (fig. 96). 

OperctUum, — ^A homy or calcareous plate borne by the posterior 
part of the foot of the animal in some genera, and serving to 
close the mouth of the shell when the animal retracts itself. 

The spire is typically so coiled that, when the apex is placed 
above, and the mouth below and &cing the observer, the mouth 
lies to the right of the axis. Such shells are right-handed, L^fi- 
handed shells, however, occur at times, in which the spire is 
coiled in the opposite direction. 

The representation of gastropod shells in drawings with either 
the apex or the mouth upwards must be a matter of indiifereacey 
the best nomenclature of the extremities of the shell being, as 
already stated, "anterior" and "posterior," not "lower" and 
** upper." 

Several terms have been used to describe the form of the shell 
as a whole. The follovring may require explanation : — 

Turbinate, — Shell rather broadly conical as regards the spire, 
and approaching hemispherical below (fig. 103). 

Turreted, — Shell with an elongated spire, and not much pro- 
longed anteriorly (fig. 100). 

Spindle^haped,--She\l with the anterior end also produced 
and narrowed, so that the stoutest region lies between two taper- 
ing portions {Bg. 94). 

The shellHSubstanoe in most gastropods consists of three layers, 
as can be seen with a lens when the shell of modem examples 
has been cut across. In life, it is covered in very many genera 
by a skin, or " periostracum." The shell is formed of c^careous 
prisms as in the lamellibranchs, these prisms being grouped to 
form lamellflB which are arranged in the central layer difiTerently 
from those of the outer and inner layers. See Zittel, Falasonioiogie, 
Bd. ii., p. 158 ; Cambridge Nat, Hist., MoUuscs, p. 255. 

The material is aragonite, and hence gastropods are oflen 
represented in fossil deposits only by casts. Some few species 
(for the character is not even generic) have an outer layer com- 
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posed of caloite. Mr. P. F. Kendall regards the shell of Scalaria 
as ca]cite ; and he remarks that the first two whorls in those 
species of Fusus which possess a calcite layer consist entirely of 
aragonite.* 

^e gastropoda mostly inhabit the sea. The fresh-water 
genera will be specially indicated. The division of the Pul* 
monata contains several genera that live entirely on land. 

With the exception of the Pulmonata, all the gastropod 
genera, the shells of which are here discussed, belong to the 
order Prosobrancbiata, or, in default of complete evidence, are 
placed in that order on account of the resemblance of their hard 
parts to those of living forms. The division of the members of 
this order into Holostomata and Siphonostomata, according to 
the Qbaracter of the mouths of their shells, has proved unsatis- 
factory,^ since it separates forms otherwise closely allied. The 
genera are here taken practically in the order adopted by Fischer^ 
a group of allied shells being occasionally marked out by 
infusion between two black line& 

A. Prosobrakchiata. 

The animal has its branchiie placed anteriorly to the heart. 

Conas. — Spire short; last whorl large and narrowing anteriorly, 
80 that the shell, with its apex upwards, resembles a short cone 
set on a steep inverted one. Mouth slit-like and long, with a 
slight anterior fold. Outer lip sharp, and notched back near the 
suture. Columella smooth. Surface commonly smooth, with 
mere growth-lines. S. P. Woodward quotes CoTms monilis 
with a specific gravity of 2*910 (hence aragonite), and the fossil 
Conus ponderoaus of the Miocene as 2*713. Some species may» 
therefore, contain a thick calcite layer. 

Upper Cretaceous to RecerU. Abundant at the present day. 

Plenrotoma {fig, 95). — This genus has been greatly subdivided. 
Shell spindle-shaped; spire rather longer than the last whorl, 
and generally well indented at the suture. Mouth long, with 
anterior canaL Outer lip with a marked notch near the suture^ 
which leaves a band on the shell as it closes over during growth. 
If the lip in a fossil form is broken away, the growth-lines may 
still indicate its backward curve. Columelki smooth or with 
one or two ridges. Surface commonly ribbed vertically or 
horizontally, often with little spirally arranged knots. 

**<AngoBitt£ttMUsiBtlitCkNraUi&eGng.* Geo^ Jfo^., 1888, p. 400. 
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CraUieeotuto ReeetU. 

Tolata (fig. 96). — This name also corera 1110117 snb-generm. 
Shell thick. Shape Bomewhat like Conno, bat more nodose and 
iiregular. Spire fairly short; last whorl large. Mouth lon^ 




Fig. 95. F!g. 9», 

Plemn>tomarotala[FoBt- VotiUa alhUta (Barton Beds). 

Pliocene). Sbowing Showing knots 4nd vnriMS; 

tbe notched oater lip. klao fold* OH the Dolnm^l*. 

with alight anterior fold. Outer lip UirXj thick. Colnmellk 
and inner lip with Baveral ridgea. Surface often marked with 
prominent short apinoBe outgrowths, and sometimes with corre- 
sponding varices. 

Upper Cretaceout to Recent. Especially Eocene. 

Fnans (fig. 94). — Shell thick. Spindle-shaped to ovoid, ^icallj 
the former. Spire fairly long. Mouth oval, with long straight 
anterior oanal, and no posterior noteh. Columella amooth. 

The ahell of some late Gaiaozoic species has an outer-csloite 
layer {KendaWj, 

The Bub-genua Clarella has its mouth sharply narrowed to 
form the canal, not tapering down as in Fuans proper. 

Jwrtuiioi/o HecerU. Most abundant in earlier£7a*noH»c. GUvella 
is Cainozoia, laapecially Hoeene. 

Bnccisom (the Whelk ; fig. 97).— Shell &irly ovoid, with few 
wborla, tbe last being large. Spire, however, prominent. Mouth 
oval, with a broad shallow anterior fold representing the csuaL 
Inner lip smooth. Sur&ce generally marked with vertical aad 
spiral ridges. 

PHocmte to Recent. 

Nassa. — Like Buccinum, but canal-fold more marked and 
slightly oblique. Outer lip marked with fine riba i 
inwards. 

CjPfMr Cretaetom to Saemt. EipeoaUr later Couuzotc 



Mum. — Shell thick, ovoid to tpindle-flhftped ; vhorls fltrtmgly 
eonTez. Mouth rounded, but prolonged into a well-m&rked aad 
BometimeB long anterior canal, the aidea of which fold over so as to 
make it almost tubular. Outer Up thick, and aometimM ribbed. 
Snr&oe set with three or more strong varices, which are often n- 
markablj knotty or spinoie. Outer layer of ihellcalcitvfJrmcbU). 

Upper Cretaosou* to Recent. 



— BMcdnum vndattm Fig. Milata 

'"'' ' (Pliocene). 

TrophoiL — Ally of Mnrez. Bpindle-ahaped. Canal wider and 
bent on oae side. Taricee not set vitb knots. 
Pliocene to Recent. 

PuTpara. — Shell thick, ovoid. Spire rather short. Mouth 
oval, with a canal-fotd scarcely more marked than that of 
Buccinnm. Inner lip flattened down and smooth. Outer layer 
of sheU calcite (Sorby). 

MuxoM to Recent. ,1.1 

CaaaidaTiEL — Shell thick and ovoid. Spire short; last wbori 
large and strongly convex. Mouth elongated oval, with a well- 
marked broad and obliquely bent canal. Outer lip expanded ; 
inner Up often ridged. Surfaoe variously marked. 
U. Gretacemu to Recmt. 

Ficula (Pyrula in part; fig. 98). — Shell thin, ovoid, narrowed 
anteriorly. Spire very short, last whorl very large. Month 
laive, and piolonged into a broad open anterior canal. 

Zoiiwr Oretaaeotu to Cainoxou; especially later Camozoie, bat 
not abundant. 

Boatellaila. — Spindlendiftped ; spire long, commonly without 
much indentation at the suture. Mouth long, with a somewhat 
tubular elongated anterior canal, and a posterior groove-likt. 
canal running towards the apex of the spire. Outer Up tather 
broadly expanded and sometimes notched on edge. 
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In the nl>gflaiu ffippochnnei (fig. 99) th« ihell it genenllf 
■mooth. The poiterior prolongation of the month runs np 
to the apex of tiie epire, and the outer lip is not serr&ted, except) 
bv the ooonrrenceof a Em&ll anterior notch. In the Bub-gcnu 
KmeUa the sar&ce is striated. The posterior groove U shorter, 
and the outer lip is thioketied and sometimes serrated. 

Cretaeemu to Jteeent. Compare next two genera. 

Alalia. — General outline apindle^haped ; epire &irly long. 
Month elongated, with well-marked anterior, bat no posterior 
eanal. Onter lip much expanded, and prolonged into finger-like 
oanals. Snrfitce often set with varices and knobs. 

This genus is variously limited by different authors, and eoms 
of its species are often carried over into Aporrhais. 

Jurattic to Cr*taeeoua. 

Aporrh^B (Chenopos). — Distinguished from Alaria bj the 
prolongation of the mouth posteriorly as a groove-like canal 






Kg. ta—Rottdlaria {SippwArtKoH 

ampla (Loadoii Clay). <Maa. 

part way up the spire. The anterior canal is shorter than is 
common in Alaria, and there is a shallow fold in the outer li|> 
near it. From Bostellaria it is distinguished by the prominent 
finger-like processes of the outer lip. 
Litu to £eeent. 
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Cerithimn (fig. 100). — ^A very typical turreted shell, the spire 
being elongated and conical, and the last whorl being in no way 
disproportionate in bulk. Mouth oval, obliquely sloped towards 
a well-marked and short anterior canal, which is somewhat bent 
aside and backwards. The mouth is often narrowed posteriorly 
80 as to terminate in an acute angle. Surface often set with knots. 
Trias to Recent, Especially Cainoxoic. 

Potamides. — Close ally of Oerithium, with straighter canal, 
which is commonly not so well marked. Brackish and fre^- 
water. Dij£cult to mark off from Oerithium except in its actual 
Iiabitat. In life, Oerithium has no periostracum, wnile Potamides 
has a thick one. 
Eocene to HecerU, 

Melania. — Much like Oerithium, but holostomatous. Form at 
times nearly ovoid. Apex sometimes worn away daring life 
(decollated). Fresh- water. 
Wecdden to RecenL 

Melanopsis. — Ovoid rather than turreted, with short spire. 
Mouth with anterior notch or small canal, and a more or less 
marked groove-like posterior prolongation. Inner lip thickened. 
Apex sometimes decollated. Fresh- water. 
Cretaceoua to Recent, 

Turritella (fig. 101). — Shell as typically turreted as Oerithium. 

Spire long, often only slightly indented at 
the suture; at other times with convex 
whorls. Holostomatous; mouth oval to 
round, but sometimes narrowed anteriorly. 
Outer lip thin. Surface marked with 
spiral ribs or strise, there being a striking 
absence of the knots and vertical ribs so 
oommon in Oerithium and Melania. 

Jur<u9ic to Recent, but conspicuously 
Oainozoie, 

Pseudomelaoia (Chemnitzia in part).-^ 
Turreted ; commonly large. Little in- 
dented at the suture, and hence fairly 
conical. Mouth oval, without canal; 
wider in front and narrowed behind. Sur- 
£BM)e commonly marked by fine growth-lines. 
Trias to Miocene. 

_- _-_ . „ Bourgnetia.— Shell large, turreted, and 

^g;J^i^^^^ elongated. Whorls distinctly convex; 

longitudinallv striated; last whorl large. 
Month round in front and narrowea behind. 
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Jwratnc* Perhaps Carboniferou9* 

Nerinea (fig. 102).— Ally of Cerii>hiiun. Turreted; almost 
oonical, commonly with a spiral band-like ridge above the sulnnne. 
Mouth diamond-shaped to oval, with 
short oblique anterior canal. The outer 
and inner lip, as well as the columella, 
have commonly one or more ridge-like 
thickenings, which wind up inside the 
shell, so that sections parallel to the axis 
are very characteristic, the projection of 
these ridges into the cavity leaving only 
a remarkably constricted space for the 
animal In some species (grouped under 
sub-genera) an umbilicus occurs in place 
of the columella, and distinctions are 
made according to the number and dis- ^fr \?^zr^?!?'^ S^*** 
tribution of the thicke^gs oa the J^^^^>-,^ 
dinerent internal surfaces of the shelL to show redncdon ol 

Jurassic to Cretaceaw. the internal cavity. 





Bissoa. — Always small, about 5 mm. long. Shell thick; rather 
broadly conical ; spire fairly long. Mouth oval, rather narrowed 
posteriorly, with thickened outer lip. Surfiatce often vertically 
ribbed. 

The animal lives mostly near shore. 

Jurassic to Recent, Especially Cainozoic. 

Hydrobia. — Small, and much like Bissoa ; typically rather 
longer in the spire. Surface smooth. Mostly brackish or firesh- 
water. 

Jurassic to Eecent, Especially Caino^oic. 

Paludina (^vipara). — Shell thin; turbinate; whorls strongly 
convex. Mouth oval to almost ci\t!ular, slightly narrowed 
posteriorly. Sometimes an umbilicus is present. Sui^eu^e smooth 
or with mere growth-lines. Fresh-water. 

Jurassic to Recent, 

Katica. — Shell thick; practically globular, the spire being very 
short, the last whorl very large and convex. Mouth semicircular 
(itf., straight-sided at the inner lip and curved along the outer) 
or approaching oval. Outer lip sharp; inner lip thickened. 
UmbiUous typically well marked, but in some species absent. 
Surface commonly smooth. Spiral operoolum. 
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Trias to Seeeni, Some of the earlier forms described n Natica 
belong to Naticopsis. 

Littorina (the Periwinkle). — Shell thick, almost globular, with 
few whorls, the last being large. Moath rounded, more aoate 
posteriorly. Onter lip sharp at the edge ; inner lip flattened at 
the columella. Sur£Etoe commonly marked with growth-lines 
and spiral striee. Outer layer composed of calcite (Sorby), The 
animal inhabits the shore, sometimes forming considerable shell- 
banks. 

Lias to EecetU. 

Nerita. — Shell ^ck. Spire very small ; last whorl very large, 
and prolonged out rather more obliquely than in Natica, so tEAt 
the total effect is not so globular. Mouth semicircular ; outer 
lip commonly thickened and set with little ridges directed 
inwards; inner lip generally also ridged. Columella flattened* 
Surface smooth, or spirally ribbed. 

Lias to Recent, Mostly Cainozoic. The Mesozoic forms have 
the typical shape, but most of them have smooth lips, the outer 
lip bein^, moreover, sharp in many examples. 

NerituUL — Close ally of Nerita, the shape being similar. 
Outer lip sharp, not thickened; inner lip marked by ridges. 
Surface ornamented with coloured lines and spots, which are 
preserved even in many fossil specimens. Typically fresh-water ; 
sometimes brackish. 

The form of the shell and its mouth-characters will not serve 
to distinguish Neritina from some of the early Keritas, which 
are, however, undoubtedlv marine. 

Eocene to itecent. Perhaps Mesozoic, 

Naticopsis. — Form like Natica, but expnnding very rapidly. 
No umbilicus. Mouth approaching oval Operculum convex 
outwardly, and not spiral. 

Devonian to Trias, 

Turbo. — Form typically turbinate, sometimes approaching 
Liittorina. Mouth round, lips not meeting to form a continuous 
border, part of the mouth being bounded merely by the surface 
of the whorl. Surface of shell often spirally ribbed. Operculum 
thickened with calcareous deposit till it becomes outwardly 
almost hemispherical, the massive examples from large living 
species being sometimes used as ornaments. Seei Trochus. 

Ordovician to Recent, 

Trochus. — Allied to Turbo, but broadly conical, and somewhat 
flattened below. Mouth without continuous lips, but more 
angular than in Turbo. Operculum horny only. The genus 
has been much divided into sub-genera. Some fossil forms,, the 
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opercala being absent, may possibly be referred to Turbo ; but 
the difference of outer form is characteristia 

The living species are mostly shallow- water forms. 

GoUandian to Recent 

Phasianella.— Ally of Trochus. Shell like a rather elongated 
Paludina; often fairly large. Mouth oval; outer lip thin. Sur- 
face smooth. 

Cretaeeatii to Recent. Earlier forms have now been referred to 
Bourguetia. 

Euomphalus. — Shell fairly large. Almost discoidal, the spire 
bein^ very low. Mouth more or less polygonal, wiih a slight 
notch not far from the suture. Umbilicus extremely wide. 
The earlier part of the shell is sometimes seen in sections to be 
«ut off by partitions. 

OoUandian to Ca/rb<miferou8, 



Pleurotomaria. — Shell like Trochus, but sometimes with a low 
spire. Mouth fairly round; outer lip with a deep slit in it, 
which runs back along the whorl. As growth proceeds, this 
slit is closed over, and leaves a band-like mark or a ridge 
running spirally round the shell about the middle of the whorl 
Umbilicus sometimes present. Surfisu^e of shell generally hand- 
somely ornamented with spiral ribs and knobs ; but no trace of 
these appears in casts, which are common in some formations and 
which are not identifiable with certainty. 

Cambrian to Recent Abundant in earlier Meeozoic; very 
rare at present dav. 

Murcnisonia.-^hell turreted ; slit in outer lip, as in Pleuro- 
tomaria, and similarly closed by a band as the shell grows. 
Surface smooth, or with longitudinal ridges. 

Cambrian to Trias ; especially Devonian and Garboniferoue, 

Bellerophon. — Formerly often classed as a Heteropod. Shell 
«haped like a rather open Nautilus, the spired character typical 
of the gastropods being wanting. Mouth widely expanded and 
fairly circular, the shell coiling over inwards symmetrically in 
the centre of its inner lip. Outer lip deeply notched, a oorre- 
«ponding band running round the exterior of the shell. 

The shells are often distorted and compressed in the older 
formations, and the expanded character of the mouth becomes 
partly lost. Distinguish carefully from Oephalopods. 

Cambrian to Permian. 



Oalems (Calyptrsaa in part).~Shell rather like that id the 
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Limpet patella), being flatly conical ; but generally with a trace 
of spiral winding at the apex. Below, a spirally bent plate, 
which is free anteriorly and is attached along its posterior margin, 
crosses what would otherwise be a wide unbroken mouth. The 
ander side of the apex is thus partly partitioned offl In Calyp- 
trsBa proper this plate is represented by a spoon-shaped or bent 
process dependent frt>m below the apex. 
GaleruB is Upper CretaeeouM to Recent, 



Patella. — The Limpet. Shell like a flattish cone; mouth oval ; 
apex of shell nearly central abeve it Surface usually radially 
ribbed. 

Cretaceaue to Recent, 

Note, — Shells allied to Patella ooour in the oldest Cambrian strata ; in 
the abtenee of the animal, it is diflionlt to refer sheUs of thii type to 
eaieting genera. 

B. PULMONATA. 

The animal breathes by a lung-sac in place of branchisB. The 

Eup is almost entirely fresh-water or terrestrial. Delabeche 
oL Oheerver, 2nd. ed., p. 122^ gives the specific gravity of 
d-shells as 2*82 to 2*87. Tne material is thus probably 
aragonite. 

Helix (the common Snail ; fig. 103). — Shell variously shaped, 
bat commonly rather flatly conical; at times approaching dis- 





Flg. VM.—HtUx oechma Fig. 104.— P^onor&it enomphaime 

(Oligoeene). (Oligooene). 

ooidal. Mouth obliquely semicircular or oval ; outer lip some- 
times slightly expanded and thickened ; inner lip represented, 
as in Turbo, partly by the sur&ce of the whorl. Sometimes, 
however, a calcareous thickening occurs in the position of the 
inner lip (flg. 103). Bather broad umbilicus. Surfiftoe commonly 
smooth, witii mere growth-lines. TeireatilaL 

* 23 
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Eoc$M to R&o&nL Species very nnmeroos at the present 
time. The fact that the animal lived on land may aocount for 
its apparent ahsence in earlier periods, snh-aerial deposits being 
rarely preserved. 

Boiiinus. — Elongated ovoid, or turreted, often of large size. 
Mouth oval, not oblique, and rather long from anterior to posterior 
end. Thickened and continuous lips, which are sometimes ex- 
panded. No umbilicus. Surface commonly smooth, or only 
slightly ornamented. TerrestriaL See note on Helix. 

Upper Cretaceous to EecenL 



Limnsa. — Shell particularly thin and fragile. Elongated oval, 
with large final whorl. Mouth large, rounded anteriorly, elongated 
from front to back. Lips thin and sharp. Columella twisted 
obliquely. Surfieuje smooth. Fresh-water, 

Purheck to Recent, Especially Cainozoic. > 

Planorbis (fig. 104). — Shell delicate, as in Limnsea ; various in 
form, but typically discoidal, the spire being very short, and the 
coils almost in one plane, as in Euomphalus. Mouth semicircular 
to ovaL Outer lip sharp ; inner lip represented by the surface 
of the whorL Umbilicus very broad. Surfisbce commonly smooth, 
with mere growth-lines. Fresh-water. 

JtirasHo to EecerU, Especially Gainozoio^ 



X. Pteropoda. 

While the small and commonly conical calcareous shells of 
several of the Thecosomata^ or shell-bearing Pteropods, are found 
in Cainozoic deposits, some large Palsozoio genera occur, which 
difier widely from the modern type. Their reference to the 
Pteropods must still be considered provisional, sin'ce, in the &ce 
of such strange forms as Calceola among the Corals and the 
HippuritidflB among the Lamellibranchs, these conical and some- 
times operculate shells may belong to groups, the other members 
of which differ from them in external aspect. Mr. G. F. Matthew 
has, it may be noted, referred Hyolithes to the worms (TromM. 
B, Soc. Canada, vol. vii, 1901, sect. 4, p. 101). 

Hyolithes (Theca).— Shell small or large, even reaching 20 cm. 
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in length. Triangnlar in crow-section ; straight, tapering, form- 
ing a long steep pyramid. Aperture at the wider end of the 
shell, its border lying obliquely to the axis. An operculum 
has been observed fitting into it. Commonly marked with 
oblique striie. These shells are often crushed flat in early 
PabBoaoic shales^ but the long pyramidal form remains recognisable. 

L. Cambrian to Permian. Almost all are early Palaozoic. 

Conularia.— Shaped like a straight steep-sided pyramid, as in 
Theca, and similarly variable in size. Some species are slightly 
curved at the posterior end. Four-sided, giving square, or 
approximately square, cross - sections. Each side bears a 
shallow longitudinal furrow. Commonly marked with oblique 

strisB. 

Septa have been observed, dividing off the lower part of th» 

cavity. 

Cambrian to Lias. Almost all are early Pal»ozoic. 

Tentacnlites. — Often described as the tube of an annelid. 
Rather small, steeply conical ; circular in cross-section. Surfece 
marked with ring-like ridges, which lie in planes perpendicular 
to the axis of the shell. 

Ordovician to Devonian. 



XI. Cephalopoda. 

The shell-bearing forms of these highly developed molluscs 
"were in former ages fu more numerous than at the present day ; 
and the species are often sudioiently constant and widely spread 
to serve in marking special palseontological zones. At the 
present time we have a prevalence of one great dibranchiate order 
(which includes the ordinary cuttle-fish, Argonauta, dec.), while 
the tetrabranchiate type (Nautilus) is decadent. 

We must leave for zoologists the many interesting questions 
that have been raised in the last few years, and content ourselves 
with placing the common fossil remains discussed under the 
broad headings Nautiloidea, Ammonoidea^ and Phragmophora, 
without question as to the dibranchiate or tetrabranchiate 
character of the animals that gave rise to them. 

The shells are sometimes straight, sometimes coiled over at 
one or both ends, sometimes closely and spirally coiled through- 
<Rit ; but, with very few exceptions, the coiling, when it occurs, 
takes place in one plane, so that the distinction between these 
sheik and the ordinary gastropod univalves is marked. The 
Y^fular partitions (septa), by which the cephalopod shell is 
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divided internally, form another very distinctive character. The 
remains of cephalopoda may occasionally be very bulky, and are 
certainly among the most familiar fossils. 

Terms used in describing the hard parts : — 

InvoUUe shell. — The shell is coiled, but the later coils or whoris 
overlap and conceal the earlier, only the last, in many cases, 
being left externally visible (fig. 109). 

UnibUicated shelL — The later coils touch but do not conceal 
the earlier, a more or less wide depression, the umbUieuM^ oocnr- 
ring thus on each side of the shell (fig. 108). 

EvoluU shell. — ^The coils do not touch one another, an open 
spiral beinff produced (e,g.^ Grioceras). 

Outer side, — The convex side of the whorl in coiled forms, 
often called ventral, the latter being a term unsafe to use in the 
absence of evidence as to the animed itsel£ 

KeeL — A rib sometimes found running along the outer side of 
the whorL 

Inner side. — ^The concave side of the whorl in coiled forms, 
often called dorsoL 

Posterior end. — The initial end. 

Anterior end. — The end where the aperture occurs from which 
the animal protruded. 

Siphuncle. — The siphonal tube, which contained the siphon of 
the animal, traversing and connecting the successive chambers of 
the ehelL . Its walls are often calcifit^, and it can be well seen in 
sections of the shell, or emerging on the surfieice of one of the septa. 

Septa. — ^The partitions which are successively formed as the 
animal grows, cutting off the earlier part of the shelL They are 
typically concave towards the aperture of the shell, but are c^ten 
greatly folded, particularly towards the edges (fig. 114). See 
Suture-line below. 

S^^tcU Neck. ^The cup-like or funnel-like fold of the septum 
where the siphuncle passes through it. Sometimes the apex of 
this fold is directed anteriorly, sometimes posteriorly. Shells in 
which it is anterior are Prosiphonate; those in which it is posterior 
are ReirosiphonaU. (See also Eastman, trans, of Zittel, 1900, 
p. 542.) 

Suture-line. — The line along which the septum meets the wall 
of the shell. This is sometimes very sinuous, and may be well 
seen on slightly worn specimens (fig. 108). 

Lobe. — A fold of the suture-line directed posteriorly (fig.' 107). 

Saddle.— A fold of the suture-line directed anteriorly (fig. 107). 

Interseptal Chambers. — ^The interspaces between the septa. 

Body-chamber. — The final cavity which was occupied by the 
animal at the time of its disease. 
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Mouth — The termitud aperture of the ahelL This ii •ometimea 
constricted (fig. 106) sometimeB fully open, BometimeB sorroonded 
or fl&nked hj remarkable expansions of ttie iheU. The diituue 
firoDi the outer to the inner border of the 
month is termed its height. 

Aptf/ehus. — A calcareooB body like aa 
operculum (fi^. lOS), formed of two platea, 
which resemble in ontline the valvea of 
s laroellibranch. These plates are often 
found detached; but during the life of the 
oephalopod they were brought together 
along their straight edges and occupied a 

Coition near the mouth of the shell, pro- Kg- 105. — Aptychns of 
bly closing it „^ oprcnlu.. In S.rSS,?- ,^,^ 
■ome cases the two plates are permanently janaac), Bawia. 
united (Syruiptpehvt). It has been sug- 
gested that those forms in which an aptychns is unknown may 
have possessed the stmctnre in a homy condition. 

AnaptydtMa. — A body resembling the aptychns, but formed of 
one plate only; found as thin dark lustrous impressions; pro- 
bably a homy form of the operculum. 

The shell-substance in cephalopods is aragonite, according to 
hoth Fuchs and Sorby. Mr. 0. A. Scbwarz {Qeol. Mag., 1894, 
p. 457) shows that fragments of Kautilus have a specific gravity 
of 2-68, whence he infers that the material is calciie. But a 
considerable amount of organic matter is set free when such 
fragments are dissolved in acid, and is perhaps responsible for 
the low figures obtained on examining modern Nautili The 
Ammonites, in their present condition, consist of calcite, as also 
do their aptychi and the guards of Belemnitee, The view that 
the original material of Ammonites was arsgonite is supported 
by the fact that whole beds of aptychi are known from which 
the Ammonites have been dissolved away. An aptychns ia 
sometimes found lying surrounded by a mere impression of the 
spiral shell. In any case, it ia probable that some structural 
(Ufference acoounts for this difference in resisting power. 

The ready destruction of the shell causes casts of cephalopods 
to be very common. The body-chamber, and many or all of the 
interseptal chambers, may become in61Ied with crystalline calcite; 
the body-chamber is, however, often filled up with mud. When 
the shell decays, the casts thus formed of the successive chambers 
generally cohere, and the form of the shell is retained. But 
sometimes the sutures have become represented only by curving 
interspaces, and the oast is divided up by them into detachable 
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blocks. l%e exts^me folding of the sutures in the Ammonites 
may caude these separate casts of the chambers to remain 
interlocked with one another and yet to possess a certain amoant 
of freedom, so that they can be moved about on one another 
when taken in the fingers. 

Oej^ialopod shells are composed of two layers, the outer one 
more opaque, the inner lamellar, thicker, and naoreous. The 
septa appear to consist omly of the nacreous layer. 

All the cephalo|Kxla are Marine. 



A. Nautiloidea. 

By analogy with the living Pearly Nautilus, the animals of the 
ffenera here placed are believed to have been tetrabranchiate, 
i.6., to have possessed four branchiae. The shell is not (as ia 
some dibranchiates) included in the body of the animaL It is 
straight, curved, or coiled, with a mouth of various form. The 
septa are, in typical examples, very simply curved, ooncav^e 
towards the anterior side of the shell, and forming suture-lines 
with, at most^ very simple lobes. The shell, with the exceptioa off 
^e rare genera Bathmooeras and Nothoceras, is retrosiphonate ; 
and the siphuncle stands away from the bounding wall of the 
flhell, piercing the septa sometimes in their centre. 

The surface of the shell is only plainly ornamented, if at all. 

NautUos. — Shell coiled in one plane, involute, but sometimes 
with a small umbilicus. Mouth not contracted, commonly 
rather high. Body-chamber large. Suture-lines forming a 
simple curve, or only slightly lobed. Siphuncle almost centraL 
Suiface smooth ; verv rarely with grooves or ridges. (Example : — 
NautUua pompUius.) 

Tricta to EecerU. Nautilus is thc^ only tetrabranchiate genus 
living at the present day. 

Note,— The generic name *' Naatiloi " is now restricted as above. The 
older forms are widely ambilioated, and have often a perforation at the 
centre. BarrandeoceraS {Ordovici(m and OoOandian) and TPOCholltcis 
{Ordovician) are especially interesting early representatiTes. 

Discites. — Shell laterally compressed, with broad shallo-vr 
umbilicus, all the whorls being exposed. Small perforation at 
•centre. Whorls four-sided in cross-section, sometimes with a 
groove on outer side. Suture-line forming a very simple curve. 
Surface with mere transverse growth-lines or delicate longitudinal 
libs. (Example : — D%9eUe» campresatu.) 

Carboniferous, 



IdtnHas. — All; of NsntiloR, but eomnMneing vith « small 
tunbilicated (or even evolute) coil, and then coDtinning u ft 
straight form, often of oonsiderabl* length. Month often con- 
stricted, with s deep notch on the outer sids. Siphancle nearer 
inner side. 

Ordovusian and Godandian. 

OrthocerRB. — Shell straight like a long eone; commonly 
circular in cross-section. Mouth not oont^«ted. Body-chamber 
loug. Septa simply curved, concave forwards. Suture-linos 
onlobed, or at most with very feeble foldings. Siphuncle central, 
or nearer to the margin ; simple in character, but Mmetimes ex- 
panded laterally in each chamber. Surface of shell smooth, or 
simply ribbed. 

Cambrian to Triat. Host abundant in GoUandian. 

ActlnocerftS. — Shell at times very large ; oflen referred to 
Orthoceraa. Like Orthoceraa ; but the siphunde (endosiphon) 
is included in another much larger tube, whieb is expanded 
between the septa, forming a series of oblate spheroids, and at 
times as wide as half the shell. Delicate oanab radiate from 
the siphunole to the outer tube, and open into the interseptal 
chambers. The outer tube is frequently contracted internally 
by the development of obstructions of t^careous and orgunic 
material, deposited on its inner wall ; these eventually form an 
annular thickening, which greatly reduces the tube. These 
additions sometimes become dissolved 
airay after the central tube has been 
infilled with mud; hence the primary 
wider hollow beoomes restored, but 
» solid rod-like cast runs down its 

Cambrian to Carhoni/eroua. 

Gomphoceras (% 106). — Pear- 
ahaped, the shell having a straight or 
nearly straight axis ; it oommences as 
a wide cone, and finally closes over 
towards the mouth. Mouth much con- 
stricted, forming merely a T-shaped 
slit, the upright line of which is re- 

garded as ventnO. the crosa-piece being io6.-<?.mpio««Md. 

dorsal. Septa and sutures simply con- Jntieum (Siiurisn).. how- 
cave. Siphunole as in Orlhoceras, iog the cooatrictiOD at 
varying in position in differeat, forms. the mouth. 
Surface smooth, or only finely striated. 

GoUandian. Ferba.pa Ordovieian ; the fusiibrm later types are 
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probably Poteriooens. (Foord, CaXalog%te of FottU Ce^AalcpodOf 
pt. L p. 215.) 

Poterioceras. — Shell smooth, slightly curved, inflated in middle 
portion, and then again contracted. Mouth elliptical, not con- 
tracted. Siphuncle nearer to convex side, and inflated betweoi 
the septa. Septa oblique to axis of shelL 

Ordovician to Carlxmi/erous, 

Cyrtoceras. — Shell like a curved and rather rapidly expanding 
Orthoceras. Oross-section generally ovaL Mouth unconstricted. 
Septa and suture-lines simply concave. Siphuncle as in Ortho- 
ceras, but almost always near the convex side. Surfiu^ smooth 
in ordinary species, or only lightly striated. 

Cambrian to Permian. Especially GoUandian. 

Phragmoceras. — Many of the species placed under this genus 
have been transferred to Gomphoceras, Poterioceras, &c Phrag- 
moceras proper is distinguished from Gomphoceras by the curved 
shell, which at times even shows a trace of evolute coiling ; and 
from Cyrtoceras by the constricted and T-shaped moutL 

Ordovician and Ootlandian. 



B. A]|]I0N0IDBA« 

The members of this group have often been closely connected 
with the Nautiloidea under the title of Tetrabranchiata. How- 
ever, from the globular, and not conical, foi*m of the initial 
chamber of the Ammonites (which resembles the first stage of the 
chambered body in Belemnites, Spirula, <fec.) some zoologists 
place them unhesitatingly as dibranchiates. The group is almost 
wholly Mesozoic. 

Exceptions to the typical mode of coiling of the shell are 
probably rarer among the Ammonoidea than among the Nauti- 
loidea. Straight or evolute turreted forms come in most 
numerously in the later Mesozoic deposits. The margin about 
the mouth diflers from that of the Nautiloidea in very often 
beaiing a broad or spine-like prolongation on the convex side, 
and sometimes ear-like processes on its lateral margins. No 
such remarkable constriction of the mouth occurs, however, as 
in Gomphoceras and its allies, the expanded processes in the 
Ajnmonites pointing fairly forwards. The body-chamber is on 
the whole larger than in the Nautiloidea; but it must be borne 
in mind that this final portion and the mouth of the shell, being 
unsupported by septa, are comparatively rarely preserved. 

The suture-lines are typically more complex Uian in the 
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Nautiloidea) and the amount of folding increases from the first 
sept^nm to the later ones. Considerable attention has been paid 
to the form of the sutnre-lines, and their common course is as 
follows (fig. 107):— A lobe, the External lobe (or "ventral lobe'% 
occurs on the convex side of the shell, and is sometimes divided 
Into two by a small s(»ddle (fig. 113^. On either side of this lobe 
comes a saddle (the External saddle); then a lobe {the Jirst lateral 
lobe); then the Jirst lateral saddle, the 
9econd IcUercU lobe, the second lateral 
saddle, and perhaps still further lobes and 
saddles, which are styled auxiliary. On 
the concave side of the whorl, where the 
two halves of the suture-line again meet, 
there occurs an unpaired Internal lobe. 
The last auxiliary saddle, occurring just 
above this lobe, is sometimes called the 
Internal saddle. 

The siphuncle of the ammonoids, with 
the exception of the one senus Clymenia, 
mns along the convex side of the shell. 
The group of the Ammonites is prosi- 
phonate.'* 

The surface of the shell is often, and 
particularly in the later types, highly 
ornamented wich ribs and knots, which 
are independent of the suture-lines (figs. 
113 and 114), the latter being visible only 
upon worn specimens and casts. At 
times, as in Gault specimens from many 
localities, the inner and thicker nacreous 
layer is alone preserved, and the whole 
surface of the shell has a brilliant pearly 
iridescence. 

Finally, the bodies known as aptychi 
(fig. 105) or anaptychi are found associated 

with so large a number of ammonoid genera that they forn^ 
a further point of difference between this group and the 
Nautiloidea. 

* Forms of Ammonite ocoor in which the earlier whorls are retro - 
riphonate ; in one or two septa following on these the septal neck projects 
on both sides ; and finally the shell becomes purely proeiphonate. ^ut the 
brood classification of the Ammonoidea by the direction of the septal neck 
in adult forms seems well founded, since the older genera are so persistently 
retrosiphonate, while those of Meeozoio times are proeiphonate. 



Fig. 107. — Suture-line of 
an Ammonite {HarpO' 
ceras). The mouth lies 
totheright. ei, Exter- 
nal lobe, bisected by 
a median saddle on 
the keeL e.<, External 
saddle, i. 2/, 1st lateral 
lobe. i. U, 1st lateral 
saddle. S. U, 2nd 
lateral lobe. $,U,2nd 
lateral saddle, a, a. 
Auxiliary lobes and 
saddles. %.l, unseen 
Internal lobe. 
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Svb-grmtp 1 — RerBoaiPBORATK Sbblu with siphokcls m 

THE CONCAVR SIDE. 

CljmeniA (fig. 108). — Shell spinl, broadly nmbilicated ; aram- 
Bection of irhorl oval, flattened laterally. Month notched on 
either side. Suture-lineB usually with onlj one lateral lobe, 
which ia simply curved or angular. Stphancle in contact with 
the concave side of the whori. Betrosiphonato. Surface smooth; 
rarely ribbed. 

Exoluaively Devonian, 

Svb-group 2— 'Ketbosiphoitate Shells with eiphitkcle oir 
THE CONVEX SIDE. — This sub-group iooludes all the sheila known 
as Goniatltea. 

The shells are very variously coiled, being at times involute, 
at times widely unibilicated. Gross-section of whorl may be 
flattened laterally, or broad (fig. 109), or &irly oval. The -whole 
shell is thus sometimes discoidal, or sometimes almost globular 



Fi^ 108.— Clpmenia undniala Via. IM.—Glyphiot 
(Devoniui). Showing ■utn 
Udm where Uie shell has b* 



through the strong convexity and the involute arrangement of 
its whorls. The auture-lines are occasionally slightly folded, but 
are commoaly zigzag or bent rather sharply, the lobes awl 
saddles being sometimes numerous. The lob^ and saddles are, 
however, not subdivided by notched or foliaoeous boundaries, at 
occurs in the next sub-group (fig. 112). The sipfauncle is in 
contact with the convex side of the whorl, and is best seen 
where it emei^s through any septum which may be displayed 
termiusLly on the specimen. Betroaiphonate. Aptychi bar* 
been reoorded. 
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(fig. 109). — Shell involate, generally globose. 
Suture-line with external lobe divided by a small median 
saddle ; external saddle narrow ; lateral lobe pointed ; lateral 
saddle broad and rounded. SutGaco practically smooth. (Ex- 
amples : — Olyphiooerem crenutria^ GL spkoBricum^ GL truncatum.) 
Varhonifermu and Fenmian. 

Gastriooeras. — Shell with wide umbilicus. Suture-line with 
broad and deep external lobe, with small median saddle ; first 
lateral lobe deep and angular; second lateral lobe small and 
angular. Surface with longitudinal striae ; often with transverse 
ribs in addition, which are nodose near inner ends. (Example : — 
GctsPrioceras Likeri.) 

Carboni/eroua ana FemUan, 

Prolecaxdtes. — Shell with wide umbilicus; whorls flattened 
laterally. Suture-line with several deep lobes and saddles, 
the lobes broadly pointed at the ends, the saddles rounded at 
the ends and narrowed near their bases. Surface smooth. 
(Example : — Frolecan%te$ compresatia,) 

Devonian and Carboniferous, 

Nott. — ^BactFitOS {Ordovician to Garhoni/erous) is the straight form of 
the Gkmiatites. Pronorltes {Pernio- Carboni/erotis), with its accessory 
serrations at the ends of the lobes, and MedliCOttia (also Permo-Carhon' 
iferous). with its still more elaborate suture-lines, link the Goniatites 
completely to the sub-group of the Ammonites. 

StdhGroup 3— Pbosiphohatb Shells with siphuncle on the 
CONVEX SIDE. — These are the successors of the Goniatites, and 
are distinguished, apart from the character of their septal necks, 
by a greater complexity in the suture-lines, the main lobes and 
saddles being variously subdivid^^d and broken up (fig. 112). 
The mouth-border is produced, not notched, on the outer side. 
The surface of the shell is also more strongly ornamented 
than in the preceding sub-groups, and is, indeed, very rarely 
smooth. 

This sub-group covers the great series of shells which are 
commonly styled Ammonites. While this world-famous name, 
given to all the " cornua Ammonis," must always remain a most- 
valuable term in preliminary observations and for geologists in 
the field, it has become necessary to subdivide the old genus, 
and. to establish a large number of new ones, each example 
of which may be properly styled an ** Ammonite." Fischer's 
restriction of *' Ammonites" to the members of the newer genus 
Arietites seems liable to cause confusion, and would destroy 
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tbe utility of the word "AnnBonitc," which now, as formerij, 
eovera a great BericB of ehella allied to one Another. 

New BubdiTisiona »re being, however, continually introdnced, 
ftnd for details lArger and special works roaBt be conBulted. 

CeiatiteB. — Shell nmbilioated; oroBB-Bection of whorl somewhat 
flfttteued laterally. Snture-lines aometimes with aoxiliATj lob«t 
and Baddies. The saddles are always rounded, the oarre ap- 
proaching semicircular i but tbe lobes are aubdivided, their 
posterior border being zigzag* (fig. 110). Sor&ce marked with 




fig.110.— Sntnre-lineof tig. 111. — Natnna OMt of 

CtToiiUfvodona. t.l, Arcetttt BattUii (Triaa), 

External lobe (which ihowiiigtraoeiofaaccaMiTa 

is broAd whm Tiswed ooiutrictioQS. Put of tb« 

from aboTe). t.», Ex- shell remAiDi on tbe lafl^ 

teroAl ■■ddle. 1. U, and the luturB line CAn be 

lat latenl lobe. traced on the rigbt-hmnd 
portion of the CMt. <&ftAr 

"A.) 



ribs, which do not pass on to tlie outer border, but which oftoa 
beitr knobs aa they approach it. 

Exclusively Triaanc. 

Trachyceraa. — Shell with rather narrow nmbilicua. Sntniea 
like Oeratites in the earliest species; bat in later forms both 
the saddles and the lobes are denticulated (ia., boot into a 
zigzag form). Surface ribbed traoBveraely, the ribs set with 
knots ; a furrow rnna along the convex margin. (Example : — 
Traehyeenu Aon.) 

Triat. 

ArCflstes (fig. 111). — Shell involute, aometiioes with Bmall 
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umbilkms ; whorls markedly oonvex. Month slightly reduced 
by the folding oyer of its outer and lateral borders. Body- 
chamber occupying more than a whole whorL Sutures with 
numerous auxiliary lobes and saddles, the line being complex 
and foliaoeous, so that the markings look like the outlines of 
little branching trees. The axis of each lobe and saddle is, 
however, straight. Surface smooth, or with fine transverse 
striationa. 

The mouth-border appears to hare become thickened internally 
mt various stages of growth, so that casts (fig. Ill) exhibit well 
marked and rather wavy grooves running at wide intervals from 
the outer to the inner side of the whorL (Example : — ArceaUs 
mibumbiliccUus.) 

Triaa. Also PermO'CarbonifBrovM of India, with another 
gl&nxkA of Ammonite, Gydolobns. 

Monophyl]ites.^Shell rather fiat and discoidal, with fairly 
Lde umbilicus. The whorls enlarge rather rapidly, giving 
m. high mouth. Suture-lines with numerous lobes ana si^dles, 
which are foliaceous ; but each saddle terminates anteriorly in a 
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Fig. 112.-0, First latersl ssddle of MonophyUUes Sinumyi, 6. FirH 
lateral saddlM of two adjacent septa of PhyUoeenu heUrapkyUmmf 
showing the extremely foliaceous character of the snture-lineB. 

Angle oval leaf-like form, although its sides are subdivided into 
leaflets (fig. 112, a). Surface smooth, or with fine slightly 
carving striae. (Example : — MonophylUUs Simonyi) 



Phylloceras. — Shell rather fiat; involute, or with very small 
funbUicus. Mouth high. Numerous lobes and saddles, steadily 
increasing in size outwards, the saddles being broken up into 
leaf-like foldings with rounded terminations, the lobes into 
sharper notches (fig. 112, h). Surface smooth, or simply striated; 
no keel. Here and there external or internal thickenings of the 
mouth^border may be formed, producing in the former case ridges 
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on the surface, or in die latter case oonatrietions, evidenoe of 
which occurs on casts of the interior, aa in Arcestes (6g. 111). 
(Example : — Phyllocercu hateropkyUum,) 
Lias to U. Cretaceoug, 



Amalthens. — Partly involute. Form rather disooidaly and 
sometimes flattish. Mouth high, its border being produced into 
a long process on the outer side. Body-chamber occupying only 
two-thirds of the last whorl. Suture-lines markedly fbldedf 
several auxiliary lobes and saddles present. Sur&ce smooth or 
variously ribbed ; a distinct median ridge or keel runs along the 
convex side, and is often knotty, or obliquely grooved, so as to 
resemble a piece of rope. (Example : — AnuUiheus marffcuriUUua.) 

Trias and Jurassic. 

Oxynoticeras. — Form much like Amaltheus. Two or more 
auxiliary lobes are present on each side, but the lobes and 
saddles are broad, and the whole suture-line is less strongly 
foliaceous than in Amaltheus. Surface smooth, or marked with 
rather delicate curving ribs. (Elxample : — Oxynoticeras axynoHu,) 

Lias to Lower Cretaceotts, 

SchloBubachia. — Form like a thick Amaltheus, with a smooth 
keel. Suture-lines with only one auxiliary lobe, t.e., three lobes 
in a]l on each side ; lobes and saddles consequently broad. The 
lobes are fedrly simple, and at times even approach the Ceratites 
type (fig. 110). Surflace with strong curved ribs; keel often 
prolonged into a horn. (Example : — Schlceribachia inflata,) 

Cretaceous, * 



JEgoceras (fig. 113). — Shell with wide or narrow umbilicus; 
cross- section of whorl fairly circular. Body-chamber occupying 
rather less than one whorl. Suture-lines foliaceous, with few 
auxiliary lobes; lobes and saddles rapidly diminishing in size. 
Internal lobe bifurcating at end. Surface with fairly straight 
simple ribs, which cross the outer side of the whorls, there 
being no keel. In some exceptional cases, these ribs bifurcate 
near the outer side of the whorl (compare Schlotheimia). .<£go- 
cerae and its allies are thus among the most simply marked . 
ammonites. An anaptychus occasionally occurs in this genus. 
(Example : — jEgoceras capricomus,) 

Lias. 

Schlotheimia. — Sometimes regarded as a sub-genus ef its dose 
ally, -^Jgoceraa. Like ^goceras, but surface with strong ribs^ 
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^hioh ofbn bifarcato, and which are directed anteriorly whea 
they leacdi the outer aide of the vhorl, bo aa to fono on the 
convex border a series of V-ahaped ridges. The ribs from 
opposite aides, however, die dway juet befure they actually meet, 
so that the apex of the fold is wanting. (Example : — SdUothamia. 
anffuiata.) 

Lotoar Lia*. 

PailoceraB. — Also closely allied to .^ocerae, and sometimM 
incladed in that genus. Besembles .^Jgoceras, but surface some- 
times smooth, sometimes with simple ribs that do not traverse 
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Fi^ 113. — JCgocenu eapritomtit (Middle Lisa), with portiotu Bhowing 
ntnre-lina enUrged. e.l. External lobe, with ttatXl median saddle and 
trace of liphoncle, viewed from sboro. t.», External saddle. l,U, Ist 
lateral aaadle, which is distinctly amoller. 

the outer side of the whorl. A alight keel occasionally ocoors. 
(Sxample : — Ptiloeercu planorbit.) 

Bhatic and Lovw Lw. 

Arietttes. — Form much like Mgocana, bat with no approach 
to an involute character. Suture-lines much folded, with only 
one auxiliary lobe. Surface with plain or (rarely) somewhat 
nodose ribs, which are sometimes bent sharply forward above. 
Plain median keel, on either side of which is a furrow. Fischer 
smploys the name Ammonites, given by Lamarck, exclusively 
for this genus. (Example : — Arietiteg Bucklandi.) 

Louxr Lias. 

Haipooeraa. — Shell rather discoidal; umbilicus sometimes 
wide, sometimes narrow. Month-border furnished with a spinose 
prolongation of the keel, and with lateral ears. Body-chamber 
occupying about two-thirds of the last whorl. Suture-lines with 
auxiliary lobes, but not particularly foliaceous (fig. 107). In- 
tenial Iffbtt not bifiircating at the end (compare Mgoceiaa,). Snr- 
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face mailced with striations or ribs, which at first carve forward 
on leaving the inner side of the whorl, and then backward, finallj 
again bending forward at the outer side of the whorl. The 
markings are thus sickle-fihaped ; but this character is mudi 
more emphatic in some species than in others. A smooth keel 
is present, occasionally with a shallow furrow on each side. 
An aptychus formed of tw^o plates has been found. (Example: 

JuroM^ic^ commencing in Middle Jaom, 



This next and important series of forms, including the family 
of the StephanoceratidfiB, is characterised bj the absence of a 
keeL 

Stephanoceras (fig. 114). — Form thick, with fidrlj wide um- 
bilicus; cross-section of whorl broad and rounded, not high. 
Mouth eared in fairly young forms, and sometimes contracted 
by folding over of the lateral processes. 
Suture-lines with few lobes and sad- 
dles, but markedly foliaceous. Internal 
lobe not divided at its apex. Surface 
with fiiirly straight ribs, which bifur- 
cate or split still further as they near 
the outer side of the whorl, over which 
tihey run continuously (fig. 114). No- 
dose ornamentation occurs sometimes 
where the ribs divide. An aptychus 
of two plates is known. (Example :— 
StephanocerM humphriesianum,) 

Jurassic 

CoBlooeras. — Widely umbilicated ; 
oroRR-section of whorl typically nar^ 
rower than in Stephanoceras. Mouth 
not eared. Internal lobe of suture- 
line divided into two at its apex. 
Surface marked te in Stephanoceras ; 
but plain ribs are often intercalated 
between the others. Compare Peri- 
«phinctes. ( Example : — CcelocerM oom- 
mune,) 

Middle and Upper Lias, 

Cosmoceras. — Umbilicated ; cross- 
«ection rather oval, the mouth being 
typically higher than in Stephanoceras, 
and furnished with long lateral ears. 




Fig. 114. — 8t^>kanoeartm 
modiolare (U. Joraaiic). 
Viewed from the front* 
showing the broad sectioD 
of the whorl, the ahdl 
having been broken away 
until a septnm, with its 
folded snruce, has beoome 
visible. The trace of the 
siphnnde is seen ezter- 
Daily; and this ezampls 
also iUastrates the lack 
of connexion between the 
sntnre-lines and the sor- 
faoe-omamentaiioii. 

Surfiu)e-markinga as ia 
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Stepliuiooeru, bat ribs ratb«r more oarved and aodoK ; a roir 
of spiaes or knobs is formed on eacb side of the outer mediui 
line of the vhorl, the median area itself being smooth. (Ex- 
ample : — Coamoeerat Jaton.) 

Middlt Jurasne to NeoeoTtuan. 

Parkdnsoaia. — Form rather Sat ; Bmbilions wide. Hoatb high 
rather than broad, with lateral ears. Surface with iairljr 
straight ribs, which mostly bifurcate near the outer margin of 
the whorl, bat which are broken by a median external furrow, 
{Example ; — PctrHntonia Parkituoni.) 

Middle Jvrasnc. 

Ferigphinctas. — Form like Farkinsonia. Mouth eared in 
young forms. Suture-lines with a deep foliaoeous lobe following 
on the second lateral lobe; which is smslL Surfoce-mar kings 



Fig. lis.— Aeanthtxxrat rothoTitagaut (CeDomaalsn). 
mach like Parkinsouia, but ribs sometimes dividing into three 
or four branches, and no median furrow. The formation of a 
■lightjy constricted area behind the mouth-border at Tarioua 
periods of the animal's growth leaves here and there its traces 
upon the outer eur&ce of the shall, in the form of a smooth 
depressed ring running round the whorl. (Example ; — Peri- 
lpkin^»$ biplax.) 

Jurauie to Jfeoeomian. 

Hoplltes. — Form somewhat discoidal, with ikarrow nmbiliouj, 
mnd at times approaching involute. Mouth high. Suture-lines 
delicately notched, and with several auxiliary lobes. Surface- 
markings much like Stephanoceras, but the ribs are more wavy, 
uid nodose processes are common on them, near either toe 
nmbiliras or the margin. MoreoTer, there is in many speoiea a 
well-marked median farrow down the outer side of the wlunL 

84 
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The lateral comprenion of the sheU also diitingaiidieB it firom 
Btephanooeras, which is stout. (Example : — Hoplitea knUuiJ) 

Tithoniem and Cretciceatta. 

Acanthoceras (fig. 115). — XJmbilicated; whorls stnmgly conTOKy 
cross-section broad and commonly well rounded. Suture-lines 
with broad and not maricedly foliaoeous lobes and saddles. 
Surface with straight ribs, not bifurcating, which sometimes 
cross the outer side of the whorl, but which sometimes are 
interrupted by a shallow furrow. These well marked ribs are 
generally set with numerous knobs. (Example: — Acanikoeenm 
tothofn4en>e.) ^ 

CretaceoiLS, Mostly Albian and Cerunnaman, 



Lytoceras. — ^Widely umbilicated; whorls distinctly convex. 
Suture-lines delicately foliaceous, the lobes and saddles divided 
into symmetrical halves by an anterior or posterior fold of the 
line respectively (compare fig. 116). Often no auxiliary lobes 
and saddles. Surface of shell simply marked with fine ribs, 
and almost smuooth. Casts are sometimes ringed round with 
constrictions which indicate occasional thickenings of the month- 
border (see fig. 111). (Example : — Lytoceras jwrense,) 

Lias to Cretaceaue. 




Finally there remains a number of Ammonoidea distinguished 
by abnormalities of form. In the 
classification generally adopted, the 
ffenera Hamites, Turrilites, and Bacu- 
utes are placed near Lytoceras, on 
account of the symmetrical sub- 
division of some one or more of 
their lobes and saddles (fig. 116). 
Similarly, Orioceras, Ancyloceras, 
and Scaphites are allied to Acau- Fiff. 116.— Portion of ^aeii- 
thoceras. ^ ^P« (U- ,^**f^ 

Baculite. (fig. 116).-Shell straight, ^^^^^^^^l^ 
narrowing to a point posteriorly, biEnteralsubdivisioiKStho 
and laterally oompressed. Aptychus lobes and aaddles. The 
known.- xnoath lioi towanb tlM 

Cretaceam. "«*^*' 

Hamite8.--.E volute. Shell straight for part of its length, but 
curved over in a hook-like manner at one or both ends, so as to 
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bend back parallel to its former directiozL Hamites is sometimes 
restricted to forms which hare bent thus twice or three times 
during their growth, while those only once bent are styled 
Samiuina. Sur&ce of most species rather simply ribbed. 
Cretaceous. 

Crioceras. — Form like an Ammonite, but evolute. Surface 
Tarioosly marked ; but generally with strong simple ribs. See 
Ancyloceras. 

Jurassic to L, Cretaceous. 

Aneyloceras. — Form commencing like Crioceras; then becoming 
straight ; and finally curving back along its inner side like the 
terminal part of Hamites. Hence Ancyloceras may be a late 
stage in the growth of Crioceras. 
Jurassic to Lower Cretaceotis, 

Scapbites (fig. 117). — Form commencing as an involute shell ; 

then running straight for a short distance; 
and finally curving back along its inner 
side. Commonly much stouter and more 
rotund than Ancyloceras. Aptychus or 
synaptychus known. 
Upper Cretaceous, 

Turrilites. — Form spiral, generally left- 
handed (t.tf., opposite to the mode of 

Kg. ^mT^acavhites ^f ^°« ^^ ^^P^^^ gastropods). The 
a^tto^M (Cenomaman). whorls are sometimes not in contact. 

Sur&ce commonly marked with nodose 
ribs. The suture-lines of course readily distinguish this form 
from turreted gastropods; the cross-fracture of imperfect speci- 
mens has generally taken place along a septum, the characteristio 
ammonoid folding of which can at once be seen. 
Cretaceous. 

C. Phragmophora. 

This group is included by common consent under the 
Dibranchiate division of Cephalopods. In our selection of 
commonly occurring fossil types, we leave aside the very 
interesting series of forms intervening between Belemnites 
and the Cainozoic Sepia, which is abundant in existing seas. 
We cannot refrain, however, from a brief mention of such 
genera, following on the description of the stratigraphically 
important Belemnites. 

Belemnites (fig. 118^.— The chambered shell in this genus is 
reduced to a conical body, the Phragmocone (or Phragmacone), 



^m 
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which is divided internally by simple concave septa. The 

interseptal chambers are connected by a siphonde, which runt 

down one side of the phragmocone, this being 

consequently called the ventral nde. The 

phragmocone is closely fitted into a hollow, 

styled the Alveoltu,* which occurs at the 

anterior end of a strong pencil-like calcareous 

body, the Guard or Baatrum. This solid guard 

forms the object so commonly found, and is 

thus popularly known as the " belemnite." 

The guard is of various proportions, some- 
times delicately tapering, sometimes broad and 
stout, sometimes thickening anteriorly for a 
certain distance and then decreasing in dia- 
meter, to expand again as the alveolus is 
neared. In cross-section, as when broken, it 
shows a fibrous radial structure, and the calcite 
of which it is formed is usually stained some- 
what brown. The apex of the conical alveolus 
is directed slightly to the ''ventral" side, and 
determines the point from which the calcite 
prisms radiate in the guard; honce the axis of 
the guard is eccentric, and the ''dorsal" or 
** ventral " side of imperfect specimens can be 
determined by noting which part of the circum- 
ference is respectively farthest from or nearest to the point firom 
which the prisms radiate. 

The guard has typically a smooth surface, on which vascular 
impressions, like those of ramifying rootlets, can occasionally be 
seen. A furrow sometimes runs down the ventral side, or more 
rarely down the dorsal, often reaching to the point of the guard. 
At the point itself furrows sometimes arise, extending some 
distance up the sides ; and a common feature is the presence of 
two long and almost parallel grooves running thus up the dorsal 
side. 

The alveolus is often empty ; and sometimes the phragmocone 
is found without the guard. In fine and carefully cleaned speci- 
mens, not only can the phragmocone be seen in place, bat traces 
of a broad expansion of its dorsal side extend considerably above 
and beyond it. This thin anterior expansion is the Pro-^)stracum, 
and covers the ink-bag, the solidified contents of which, forming 
a black pear-shaped body, have also been found in aitu. Above 



Fig. 118. — Guard 
of BdemniU*, 
cut open abore 
to show remaiiis 
of the phragmo- 
cone refiting in 
the alveolus. 



* The Phragmocone itself has also been styled the Alveolus. 
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this, again, iroprOBaioDB of the crown of arm a Sibont the 
bead of the animal msiy be seen, the little hooked tneth 
with which they were Bet lying in rows along them. Hence 
the "belemnite" fiuniliar to collectors formed only the posterior 
hard part of an animal allied to oor modem unprotected 
cnttle-fiBh. 

ItOKer JAaa to AV^n. 

BeleninlteUa (fig. 119). — ^This form is practically only a snh- 
geniiB or Belemnites, characterised by a slit at the anterior end of 
the guard and parallel 
to its axis. This slit 
— reaches in to the 

alveolus, and marks 
the ventral side. The 
phrag mocone (of which 
several specimens, 
mostly preserved in 
silica, are known), has 
a low ridge running 
down the dorsal side, 
a corresponding shal- 
low groove occurring 
in the alveolus. The 
phragmocone, though 
rare, was described by 
Count Miinster as 
early as 1830. The 
guard shows distinct 
vascular markings on 
its ventral surface. 
(Compare Actino- 



Vpptr Crttaeeoua. 

AcUnocaniiiz. — In 
;his genus forms have 
been placed in which 



— Gnard ot F[g. 120.— Onard ot 
ttUa maen- Aclinoaanca j:iemu 

nata ( SeaonUn ). ( BtUmnileUa pUna). 

SbowingthcBlitand Cenonunian, 

tracei of tmcbIm' 

mwkingi, 
no alveolus occnn, and also some with a shallow alveolus, which 
ia often four-sided rather than circular in cross-section {Actino- 
camax quadratut). The common character of these forms is the 
distinctly lamellar structure of the anterior end of the guard, so 
that it easily btnomes broken away and injured. In apparently 
perfect specimens, however, as in Aetinocanuui pUmu (fig. 120 ; 
often styled BelmnUtUa pbna), the anterior end may be pyra- 
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midaly not hollowed oat bj an alveolus; in this case the 
phragmocone must have been surrounded by only a homy oon- 
tinuation of the guard. In the species quoted, a slight groove 
occurs at the apex, which may correspond to the slit in Belem- 
aitella. 

Both in Belemnitella and Actinocamax the guard may be 
suddenly reduced in diameter near its point, thus terminating 
in a short spinose process, the "mucro." It has often been 
suggested that Actinocamax is only an imperfectly preserved 
Belemnitella ; but the uniform character of specimens at certain 
horizons is evidence that the phragmocone was largely above, 
and not included in, the true calcareous guard. ''^ 

Upper CretaceouB. 



Nate, — Phraj^ophora with greatly elonsated guards occur in the U^pptr 
Trias. In BolemnoteuthiS of the Oxjordian, on the other hand, the 
goard is a mere short sheath about the phragmocone. 

Belosepia of the Eocene has a short stout bent guard, expanded 
anteriorly, and protecting a curved phragmocone, a wiae depression on 
the concave side of which does duty tor a siphuncle. The pro>ostracum 
is large. 

In Spirulirostra {Miocene) the guard forms a stout short process 
below a curved phragmocone, which possesses a true siphuncle. In the 
modem SplFUla the phragmocone alone remains, in the form of a delicate 
evolute spiral shell, with a siphuncle on the concave side. This shell, 
though exposed by a cleft of the mantle, is truly internal. 

Sepia (Eocene to Becent) has the merest trace of a guard at the end of a 
phragmocone, the chambers of which are flattened, and which forms the 
well-known " cuttle- bone." It is important to note, however, that cepha- 
lopods with a mere thin homy pro-ostracum (the *'pen**) over the ink-oag, 
and no trace of chambered shell or guard, occur as contemporaries of even 
the earlier belenmites. Thus GeoteuthiS of the British Lias has been 
placed in the same group, the Chondrophora, as LoUgo, the Squid of the 
present day. 



* As to Belemnitella and Actinocamax, see Dr. CI. Schluter, ^ Cephalo- 
f>oden der oberen deutsohen Kreide," Palceontographica, vol xxiv. (1876-7), 
p. 63, and plate Ui. (17), &c. 



CHAPTER XXVL 

FOSSIL OBNEBIC TYPES. 

Xn. Echinodermata. 

The Echmoderms present in their hard parts a great yariety 
of forms, characterised, however, hy the prevalence of peta- 
gonal symmetry. The fact that their shells or skeletons, exter- 
nal or internal, are built up of plates, causes their remains often 
to be found only in a fragmentary condition. The calcite of 
which these parts is composed assumes a completely crystalline 
structure: so that any part of the shell or skeleton cleaves across 
on fracture along the rhombohedral surfaces so familiar in 
Iceland-spar. The opaque white but gleaming cleavage-surfaces 
«f echinodermal fragments may thus be picked out by the eye 
on rock-exposures from among the fractured remains of other 
organisms. The individual plates or block-like calcareous bodies 
of which the hard parts are composed are styled the Osnelea. 
All the Echinodermata are Marine. 

A. Cbinoidea. 

These are the t3rpical ** sea-lilies " or ** encrinites." The animal 
during the whole or earlier part of its existence is fixed to the 
sea-bottom, commonly by a flexible stalk or Stem^ which bears 
root-like processes at its base. The principal terms used in 
describing the hard parts o^ Crinoids are as follows : — 

Ossicles or plates, — The individual calcareous bodies of which 
any of the hard structures are built up. 

Calyx. — ^The cup-like structure, sometimes closed over above, 
formed of calcareous plates, and enclosing the body of the 
animaL Its under sui^face or basCf which is attached to the 
apex of the stem (or, as in Holopus, directly to the searfloor), 
corresponds to the upper surface of most echinoderms ; its upper 
or orcU surface bears the mouth and generally the anal aperture. 
The calyx and the arms are often spoken of together as the 
Craum of the crinoid, and the calyx is sometimes freely termed 
the " head." 

The upper (ventral) covering, or tegmen^ of the calyx may be 
membranous, with little plates developed in it, thus leaving a 
circular gap in fossil forms ; or it may form a dome-like structure 
of numerous plates in contact. There is no doubt that in some 
genera this dome was represented by a flexible ventral sac. 
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The Mouth lies centrally on or below the tegmen, and grooTea 
lead to it from the bases of the arms. 

The Anus is typically exoentric, and is interradial in position 
(see below) ; that is, it occurs between two of the arms. In some 
extinct genera, the dome bears one aperture, that of the anus, 
which then occurs almost centrally, and at times on the end of a 
tube or '* proboscis." In these cases the mouth is concealed 
beneath the dome, and the brachial grooves run through the wall^ 
and are prolonged as little canals towards the centre, where they 
reach the mouth. 

The plates composing the calyx are grouped in several seriea 
firom the base upwards to the region of the mouth. The lowest 
lates, meeting in the centre of the base, are 2 to 5 in number 
commonly 5), and are termed Basals, They are often hidden in 
bssil specimens by adhesion to the upper stem-joints. 

Sometimes, however, the base is formed of two cycles of plates^ 
an upper one, the true Basals, in this case sometimes styled 
FardboMla ; and a lower cycle, alternating with the upper, and 
termed Infrabiuals (see fig. 122). 

Next above the basals or the parabasals, and in either case 
alternating with them when the base has petagonal symmetry, 
is the cycle of the Radials^ commonly 5 in number; vertically 
above these the arms of the crinoid rise. On each plate of this 
primary radial series one or more similar plates may stand 
(fig. 121), so that each arm may be supported on a vertical row 
of several ossicles, which are commonly entitled first, second, 
third, ^, radiak (see ''Arms'' below). In several important 
genera these radial series are in contact laterally ; but in other 
types there are plates or groups of plates intercalated between 
them, such plates being styled InUrradiah. In relation to the 
calyx as a whole, however, the basals or the parabasals are 
also ''interradial " in position; the infrabasals, when present, are 
<' radial " (see fig. 122). 

Afud Interradial Group, — ^This group commonly contains more 
plates than the others, and, on its continuation over the oral 
surface of the calvx, bears the anus. Frequently, interradials 
are found in no other portion of the calyx. 

ArvM. — The ossicles composing these are all styled Brachiab, 
Dr. P. H. Carpenter * regards the members of the radial seiiea 

* "Anatomical Nomenclature of Eahinoderms," Ann, and Mag. ofl^ttL 
Hiffi., 6th ser., vol. vi (1890), p. 16; F. A. Bather, ** British Foaril 
Crmoidi,''t6t(i., voL v., p. 313; and ** Saggettod Terms ia Crinoid Ifor- 
nbology," i&ui., voL iz., p. 61. See also the terminology in Waohsmnth and 
Spring, "Revision of the Palaocrinoidea," Froc Acad, Nal. Sd. Phila* 
ddphia, 1879 (pnb. 1880), p. 249. AIm Bather, Qtol. Mag., 1898, pw 818L 
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mboTe the first radial as all belonging to the arms. The lower 
cycles of his brachials thus correspond to the old second and 
higher cycles of radials ; these Dr. Carpenter styles Cosials (fig. 
121). Any interradials between these thas become styled 
IfUerbrachials. Above the costals the arm often bifurcates^ 
further dichotomous division taking place in many genera. 
The free stems and branches of the arms are sometimes formed 
of one vertical row of ossicles (" uniserial ;" fig. 122), sometimes 
of two in contact, the ossicles alternating in the two rowa 
("biserial;" fig. 121). 

On the inner surfiu;e of the arms a groove leads down from 
their tips to the upper part of the calyx. 

FinntUes, — Small arm-like processes, also formed of calcareous 
ossicles, set in many genera on both' sides of the grooves that 
run down the arms. In living crinoids these bear the reproduc- 
tive elements. 

The Stem is composed of a row of ossicles, placed vertically on 
one another, their articulating surfaces being variously ribbed 
and grooved. A central canal runs down through them all. 

The Crinoidea form a considerable portion of some limestones,, 
the scattered ossicles of their stems, with their circular cross- 
sections and often radial markings, having given rise to the 
name '^entrochal marble." The abundance of stems at some 
horizons, apart from crowns, has often been remarked on, and it 
has been suggested that certain genera (as Actinocrinus) pos- 
sessed the power of casting off their stems at particular stages of 
their growth. On the other hand, it has been pointed out that 
calyxes, unless at once filled with mud on the death of the 
animal, run much greater risk of destruction than the more solid 
stems, the ossicles of the calyx being scattered too widely for 
easy recognition. 

While, on the whole, the more modern types of crinoids are 
marked out by the smallness of the calyx in proportion to the 
arms, by a general absence of interradials, and also of a pro- 
minent ventral sac or dome, yet the division of the group into 
'^Neocrinoidea" and 'Talieocrinoidea " can bene longer main- 
tained. At the present time the classifications of specialists in 
this refined branch of palaeontology cannot be regarded aa 
having reached even a resting stage; consequently the genera 
here selected, while showing an interesting range of structure^ 
are not placed under any system of subdivisions. 

Encrinil8 (fig. 121).— Calyx rather shallow; 5 small infra- 
basals and 5 large parabaisals present^ the former generally 
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hidden hj traces of the stem ; 5 radial series composed of 

three cycles, the ossicles of the two upper 

ojcles being now regarded by most 

anthers as belonging to the arms (first 

order of brachials, styled costals). 

From these arise simply bifurcating arms, 

which have pinnales, and which are 

commonly formed of two rows of ossicles 

/an exceptional feature in a Neozoic 

form). Upper surface of the calyx solidly 

roofed over. Stem long; its ossicles are 

radially grooved on their articulating 

surfiMses. 

Trias, 

Pentacrimis. — Calyx very small in pro- 
portion to the arms ; 5 basals (sometimes 
h infrabasals and 5 parabasals) ; 5 radials, 
above each of which lie 2 ossicles (radials 
or costals). The arms are formed of one 
row of ossicles, and bifurcate again and 
again, with long and abundant pinnule& 
Stem long, with numerous little jointed 
lateral processes; in cross-section it is 
sometimes rounded, but commonly appears 
like a five-rayed star, the indentations 
between the rays being deep or shallow. 
The articulating surfaces of the ossicles 
of the stem always bear a pattern of five 
oval markings, which radiate symmetri- 
cally from the central canal. These stem-ossicles form very 
familiar fossils. 

Trias to Recent, Common in the Lias, 

Apiocrinns. — Calyx narrowing slightly above; its plates, in- 
cluding tho interradials, are fitted into one another to form a solid 
wall. 5 basals, alternating with which are the 5 radials, eadi 
bearing two large costals (2nd and 3rd radials); the basals rest 
on a circular plate, perhaps formed by the union of five infra- 
basals. Below this plate the stem commences, at first equal in 
diameter to the calyx, then contracting, and then becoming verj 
gradually wider towards its rooted base. Hence above the 
narrowest part of the stem rises an egg-shaped or pear-shaped 
body, the upper half of which is the true calyx, the lower half 
being formed by the highest ossicles of the stem. Stem circnlsr 
in cross-section. The arms are formed of a single row of ossicles, 



Fi^, \2\,—EHcrin%$ 
l»li\formi9 (Musdid- 
kalk). Theinfrabasak 
and parabasal lie al- 
most norizon tally, and 
are invisible. Abov« 
these are seen the 
radiala, each sapport- 
ing two costala. Tlie 
arms bifurcate, and 
ultimately become 
biseriaL 
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and be&r pdannlea. They bifiircate only onoa or twicn. Tcntral 
sac known. 

Liaa to LovKT Cretaceiyiia. 

Actmocrinus. — Calyx, includiiiR iU dome, rather ovoid; 3 basals, 
5 radials, with 2 costals (2iid and 3rd rsdisls) above each; inter- 
radials (interbrachials) present, with man nnmeroaB pUtes in 
the anal group- l^he upper anr&ce of the c&ljx \a formed by a 
Aurly high convex dome of plates, Bometimes bearing near the 
ap«x an anal tube. Arms repeatedly divided ; composed of two 
rows of ossicles, and arising from five protubersnces st the base 
of the dome, so as to appear to emerge about midway between 
the apex and base of the ovoid "head." Stem round, the 
central caaal appearing five-rayed in croBS-section. 

Oodandian to CarhtmifeTima ; especially the latter. ' 

PlalycilllQS. — Calyx formed of 3 basais, 5 fairly tall and vertical 
radiala, S much smaller costalfi, and one interradial (or, rather, 
interbracfaial) in each interspace between the arms ; there may 
be, however, 3 plates in the anal series. Calyx roofed over as in 
Actinocrinns, with op without anal tube. 
Arms repeatedly bifurcating, composed at 
first of one row of ossicles, and later of two. 
Stem-OBBiclesofbenelliptical in cross-section. 

Gotiandian to Carboniferout ; especially 
the latter. 

Ichthyocrinns. — Calyx formed of 3 small 
infrahasals (sometimea not visible on ex- 
terior), 5 small parabasals, and 5 radials. 
2 to 3 cycles of coatsla. Usually no inter- 
radials. Arms namerous, umserial, and 
formiag at their base a seemingly solid struc- 
tore with the calyx. No pinnules known, -g- \i2 — Cyatlto- 

Ootlandum to Carboni/eroat. crinwa (QotUndian)! 

Cjattaocrinus (fig. 122).— Calyx cup-like; Showing infrabaaals. 
S infrabasals; 5 large parabasals, forming parabftBals, and 
partoftheside-wallofthecalyx; 5radials; ^^' Uaiflenal 
interradial plates occur only in the anal 

Area. Upper surface with a greatly elongated and probably 
flexible dome. Arms long and repeatedly bifurcated, composed 
of one row of ossicles; no pinnules. Stem round. 

Gotiandian to Permian; especially the former. 

Heterocrinas. — Calyx small, somewhat cylindrical. 6 minute 
infrabasals, at times seemingly absent ; 5 parabasals ; 9 radials, 
with 2 costals above each. One or more of the radials is formed 
of two plates, united by a horizontal suture. Interradials in the 
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anal group, and prolonged upwards as a ridge. Ventral sac known. 
Arms long, uniserial, with strong pinnules. Stem pentagonal 
Ordavidan. 

B. Blastoidea. 

In the^e forms, entirely Palaeozoic and extinct, the calyx 
frequently resembles a closed flower-bud, having no free arms, 
an oToid contour, and only a short stem. Running from the 
summit of the calyx down its sides are five elongated areas, 
the ambulacral (or psetukhambtdacrcU) areas, which remind the 
observer of the well-known ambulacral areas on an echinoid. 
These are commonly seen as depressions, leaf like in shape, or at 
times straight-sided. Specimens have been found in which the 
areas still bear pinnules, thus resembling crinoid-arms turned 
back and down over the calyx. A row of pores occurs down 
each side of the ambulacral areas, these openings being in reality 
interspaces between little lateral plates. The pores communicate 
with delicate canals, a bundle of which, called a hydro-spire, 
runs up internally on either side of the median line of the area, 
and opens at the summit of the calyx. Here there are usually 
five openings (spiracles), each representing two series of canals 
firom adjacent ambulacral areas. The mouth is central, and the 
anus lies between the two posterior spiracles. 

The calyx is mainly composed of five plates (arising from 
a basal cycle), each of which is deeply notched above to receive 
the downward turned apex of an ambulacral area. These plates 
may therefore be regarded as rtidials. 

Pentremites. — Oalyx bud -shaped, narrower above; radials 
large. Ambulacral areas rarely reaching to the base. Short 
round stem. 

Ootlandian to Carboniferous ; especially the latter. 

Oranatocrinus. — Oalyx resembling Pentremites ; but the am- 
bulacral areas extend down to the base, and the radials are 
small, the five upper plates (interradials) between them being 
large. 

Varbonif&rous, The common " Peniremites*^ eUiptieut thus 
becomes referred to Oranatocrinus. 

0. Otstidba. 

In this group, the Oystideans, there is a spherical or ovoid 
calyx, sometimes with pinnulated lateral ambulacral grooves 
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resembling the areas in the Blastoids. These grooves, however* 
are often very narrow and small ; they radiate from the monih^ 
"which is api^. Two to thirteen short simple arms are occa- 
sionally also present ; a short stem occurs in some genera. 

A lateral aperture, and sometimes even two, may be found 
on some part of the calyx. Each is covered by a pyramid, the 
vaifyular pyramid, formed of little triaugular plates. 

The plates of the calyx are numerous and irregularly arranged. 
Some or all bear, in typical examples, minute pores, which are 
grouped in pairs, the members of each pair being united by a 
oanaL In some genera these pores occur near the margins of the 
plates, and the pairs are made up of opposite pores on adjacent 
plates. Taking any one line of junction of two plates, the pores 
on each plate are then arrang^ along two sides of a triangle, 
the base of which is the line of junction; hence they include a 
rhomboid area, half of which lies on each plate. Across these 
areas strie can be seen, which have caused authors to term them 
the pectinated rhombs; these markings are the traces of the 
canals by which the pores are connected. The pores are usually 
closed at their outer ends by a thin layer of the plate which 
bears them. The function of this system is unknown. 

A larger number of genera can be referred to the Cystideans 
than to the Blastoids ; but all these are also Palaeozoic. 

EchinosphsBrites. — Calyx spherical, with only rudiments of 
ambulacral grooves round the mouth, which has a raised border. 
A small opening occurs near the mouth, and is sometimes 
covered by a valvular pyramid. A third aperture, covered by a 
pyramid, is also present at some little distance from the mouth. 
Fixed by the base only ; no stem. Bases of arms have been 
found attached to the rim around the mouth. 

All the plates form pectinated rhombs at their lines of junction. 

Ordovieian, 

D. EOHINOIDEA. 

This group includes the common '' sea-urchins," the spheroidal 
shells or *' tests" of which are familiar objects, though ordin^ly 
found denuded of their spines. They are never attached by a 
stem, and move about freely by means of little tube-feet pro- 
truded through certain of the calcareous plates of the test. The 
relative positions of the anal and oral apertures, and the arrange- 
ment of the organs of locomotion^ form important points in their 
elaisification. 
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Tt$L — The shell, built up of calcite plates in contact with 
one another, bj which the animal is surrounded. 

Oral aperture. — ^An opening in the base of the test, fairly 
circular, within which the true mouth occurred during life. 
This aperture is reduced in living animals by a membrane or 
series of little plates, in the centre of which the mouth itself 
opens. The beautiful masticatory structure known as the 
'' Lantern of Aristotle," though it falls away into the hollow of 
the test after death, and is commonly lost piece-meal through the 
apertures, has been found on careful cleaning in many fossil 
genera. 

AuriculcB. — Calcareous arches or plates rising internally from 
the border of the oral aperture. They are five in number and 
symmetrically arranged, serving for the attachment of muscles 
which thrust forward the five-toothed "lantern.** They may 
frequently be seen in fossils if the detrital matter that commonly 
fills the test is cleaned out from the mouth-aperture to a little 
depth. They together form the Perignathie girdle. 

Anal aperture. — ^This appears as a second fairly large and 
circular opening, often diametrically opposite to that of the 
mouth. In life it was also reduced by a membrane bearing 
accessory plates, in which the anus itself occurred. 

Apex of the teat, — ^The highest point of the test when the flatter 
side, on which the mouth-aperture occurs, is placed below and 
horizontally. 

Ambul€tcral areas, — Five areas, each composed of two rows of 
plates perforated by pores, which radiate from the upper part of 
the test. When these extend over the sides, and down to Uie 
oral aperture, as simple bands, they are said to be perfect ; when 
the plates bearing distinct and regularly grouped pores terminate 
on the sides of the test, their representatives lower down having 
only indistinct or no perforations, the ambulacral area is 
described as imperfect. The pores are grouped in pairs towards 
the outer margin of the area, each plate thus bearing two pores. 
In many forms, through the intercalation of new plates above at 
the apex, the lateral ones become disarranged and finally united, 
so that compound plates arise bearing several pairs of pores. In 
petcUoid areas the lines formed by the pores on the sur£Ebce of the 
test converge and completely enclose the efficient ambulacnd 
area, which thus becomes like an elongated simple leaf. In 
other cases the imperfect area is ** open " below, the lines of pores 
not converging, but simply dying out. It may be remembered 
that each pair of pores represents one of the little ''tube-feet** 
of the living animflJ. 
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Interambulaoral areoi, — Between the ambulacral series of 
platee lie five interambulacral series, each also tjpicallj composed 
of two rows of platen, which are larger and consequently less 
nnmeroQS than the ambulacra! plates against which thej abut on 
either side. Only in the early types of echinoids has the test 
more or less than 20 rows of plates, and in almost all these 
cases it is the interambulacral series that varies. 

Apical Disc, — A series of plates at the apex of the test, and 
surrounding the anal aperture when this is apicaL Each ambu- 
lacra! area terminates here in a plate which bears a minute 
perforation, once connected with a sense-organ. Between these 
five ocular plates are five genital plates, larger and generally 
with a larger aperture. One of these genital plates is perforated^ 
however, over all its sur&ce, in addition to the principal aper- 
ture, and forms the madreporic plate or tubercle, which admits 
water into the stone-canal of the animaL 

The genital plates are thus interambulacral, and the madre- 
poric plate lies just to the right of the anterior ambulacral area. 
Thus, even in forms where the mouth is central and the anus is 
not posterior, but apical, the madreporic plate will serve to 
indicate the anterior portion of the test. 

In the sub-ffroup of the " Irregulares," the posterior genital 
plate is often fussent. 

Accessory plates may occur in the apical disc when the anus 
is not included in it; and sometimes the ^*disc" ceases to be 
disc-like, the three anterior ambulacral areas (or tinvium) meeting 
in advance of the two posterior (or bivium), the connexion being 
maintained by a group of smaller plates (fig. 123). 

The plates of the test may be ornamented with tubercles, large 
or minute. The principal ones, which may be handsomely 
developed, as in Cidaris, bear the spines, and have sometimes in 
their apex a circular pit, which does not perforate the test, but 
which causes them to be termed " perforate " or *' imperforate. 
The beak-like appendages called *' pedicellarise ** are in living 
forms found attached to the smaller granulations. 

The Spines may be small and easily broken up, but in some 
genera are massive and even longer than the diameter of the 
test. Their rhombohedral calcite cleavage makes them difficult 
to extract entire. They are commonly found detached from the 
tubercles, on which they are jointed and held by ligaments 
daring life. A common mode of ornamentation of the spines 
consists of granulated or serrated little ridges running longi- 
tudinally down them. 

Lastly, to form any conception of the true characters of the 
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echinoid test, study must be made of recent examples, when it 
will be seen how the great mass of spines conceals the features 
(ambulacral grooves, tubercles, &c.) bj which the paleontologist 
is accustomed to define his genera. A practical illustrative 
specimen may be prepared by selecting a modem Spatangus and 
rubbing off the spines lightly with the finger from one half of 
the test, leaving the other covered. Two of the petaloid ambu- 
lacral areas and half of the anterior one will thus be exposed, 
and will serve to explain the appearances seen in fossil examples.* 

Sub-^oup 1 — Kbqulares. — In these echinoids the five ambu- 
lacral and the five interambulacral areas are each composed of 
two rows of plates, making twenty rows in all. The ambulacra 
are perfect, and therefore never petaloid. The oral aperture is 
in the centre of the base, aud the anal aperture is at the apex, 
and is thus included in the apical disc. 

Echinus. — Test hemispherical and thin- walled. Tubercles 
similar on both kinds of areas, and all fiftirly small and simple. 
Ambulacral plates formed by the union of three primary plates, 
and hence ectch bearing three pairs of pores, which are grouped 
across the plate, not vertically under one another. Hence three 
bands, each formed of a series of pairs of pores, run up each 
margin of the ambulacral areas (p. 382). Spines small and 
simple in form. 

CreUiceatu to BecerU. 

Cyphosoma. — ^Test circular in horizontal section; flattened 
above and below. Tubercles with radial notches on the base, 
but without apical pit ('imperforate") ; the principal and large 
ones form two rows on each of the ten areas of the test. From 
this cause, and in width, the two kinds of area much resemble 
one another. Ambulacral plates compound; but the pairs of 
pores form a single band, except near the apex and the month. 
Apical disc generally lost, the upper aperture being consequently 
large, and the test, as found fossil, almost annular (compare 
Cidaris). Spines long. 

Jurassic to Eocene. But almost entirely Upper Cretctceous, 

Acrosalenia — ^Test small; form depressed spheroidal Inter- 
ambulacra rather larger than the ambulacra, both kinds of areas 
bearing two rows of " perforated " tubercles with radially notched 
bases. Pairs of pores forming only one row on each ambulacral 
margin. The interambulacral tubercles are the larger. A dis- 
tinguishing point is the intercalation of several firm plates in 

* For an important reviBion of the Eohinoidea, see P. M. Daacan, JcmriL 
lAtm. Soc, Zoology, vol. xziii (1890). p. 1. 
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the central area of the apical disc, whereby the anal aperture 
becomes thrust to the posterior side. Border of mouth-aperture 
notched. Spines rather thin. 
Lia8 to Lotver Cretacecu$, 

Cidaris. ^Test fairly large; form flattened spheroidal, not 

perceptibly conical towards the apex. Ambulacra! areas very 
narrow, forming wavy curving bands, with only a single row of 
pairs of pores on each margin. Commonly two small tubercles 
on each ambulacral plate. Interambulacra wide, with boldly 
developed tubercles, which are commonly " perforated," and are 
sometimes notched at the base. Apical disc commonly lost, a 
large aperture, like that of the mouth, being left (compare 
Oyphosoma). Spines thick, massive, of very various form, long 
or sh9rt, species of Cidaris having been named from these 
peculiarities. 

Permian to Becent^ cKminishing throughout the Cainozoio 
systems. 

Svb-Oroup 2 — Irbegulabbs. — In this sub-group the radial 
symmetry that prevails, except in minute details of the apical 
cUsc, throuffhout the sub-group of the Begulares, gives place to a 
distinctly bilateral symmetry, the plane of symmetry passing 
through the oral and anal apertures, the anterior ambulacnS 
area and the apex. The anus is not included in the apical dbc, 
and occurs sometimes even on the basal surface. The apical disc 
ahows irregularities, the posterior genital plate being often absent. 
The oral aperture itself may be excentric. There are, as in the 
Begulares, only 20 rows of plates in all ; but the pore-bearing 
parts of the ambulacral series frequently form petaloid areas. 

EcMnooonus (Galerltes). — Conical ; flat at base, which has an 
outline approaohine pentagonal. Oral aperture in centre of 
base, without masticatory apparatus ; anal aperture also on the 
base, but close to the posterior margin. Tubercles '* perforate," 
minute, and numerous over all the test. Ambulacral areas 
perfect, narrow, the pairs of pores forming single marginal rows 
except on the base, where they become crowded so as to form 
three rows on each side. The posterior genital plate is im- 
perforate. Spines small, rarely seen. 

Cretaceous. 

Discoidea. — Hemispherical, sometimes flattish; base flat. 
Apertures as in Galerites. Tubercles '* perforate," smalL Am- 
bulacra perfect, narrow, with only one row of pairs of pores on 
each margin. Posterior genital plate imperforate in most species. 

20 
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The essential character is the occnrrence of ten l©w ridges radi- 
ating on the interior of the base from the oral aperture to the 
lateral walls of the test, and leaving corresponding grooves on 
casts. 

Cretaceous, 

Fygaster. — Depressed hemispheroidal, with flat base, whidi is 
roundly pentagonal in outline. Oral aperture central; anal 
aperture large and on upper surface, behind the apex, being 
narrower at its anterior and broader at its posterior end. 
Tubercles small, ** perforate." Ambulacral areas much as in 
Discoidea. Posterior genital plate absent 

Jurassic to Cretaceous ; also one Recent species. 

ScnteUa. — This is an example of the extremely discoidal and 
flattened echinoids prevalent in some Cainozoic deposits. Base 
flat; upper surface only slightly convex; internal space much 
reduced. Posterior margin strais;ht^ or with a central notch. 
As the test grows, an indentation on its edge may increase in 
importance, until at last the test re-unites on either side of it, 
leaving it as a perforation. This remarkable feature is paralleled 
by Pygope among the brachiopods. Mouth central ; anus small, 
and on the posterior margin. Tubercles minute. Ambulacra 
petaloid. Posterior genital plate absent. 

Oligocene and Miocene, 

The next six genera^ like Galerites, were unprovided with • 
masticatory apparatus. 

Echinoblissus. — Form approaching hemispherical, but rather 
depressed; base slightly concave, with an almost straight bor- 
der between the two posterior ambulacra. Tubercles smalL 
Chral aperture slightly in advance of the centre; anal on the 
upper surfisuse, just behind the apex, and lying in a groove that 
widens posteriorly. Ambulacra imperfect, with nearly parallel 
sides, open below ; outer pore of each pair elongated and dit-like. 
The posterior genital plate is imperforate. 

Jwrcusic to Eecent ; characteristically Middle Mesozcie, 

Clypeus. — Close ally of Echinobrissus. Test large, flattened. 
Tubercles small. Apertures as in Echinobrissus; but anal 
groove sometimes wanting. Ambulacral areas rather broad, im- 
perfect, open below, but contracting near the base. Outer pore 
of each pair long and slit-like. Apex slightly posterior; pos- 
terior genital plate imperfcH^te ; madreporic plate central in the 
apical disc, while the posterior ocular plates are extended so as 
to rea«h the anal are^ 

Jurassis, 
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CoUyrites (fig. 123). — Test ovoid, with rather flattened base. 

Tubercles minute. Oral apertore rather 

in front of the centre ; anal apertnre on 

posterior lateral snr&ce. The striking 

character lies in the extension of the apical 

disc and its accessory plates, so as to form 

an elongated band running along the line 

of symmetry; hence the three anterior 

ambulacra (styled the **trivium") become 

divided from the other two (the ** bivium"), 

which enclose on the posterior surface an 

area around the anus. Ambulacra narrow 

Kg. 123. — GoUyriiea and perfect 

bicordcUa (Coralline Jurcusio and Lower Cretaceous. 

Oolite). Showing Eclunocorys (Ananchytei). — ^Test convex 

^e JE^ ^ *^^^^' ^^^^ ^^^^^ vertical sides ; oval in 

ihe apex. horizontal section; base flat. Tubercles 

minute. Oral aperture near the anterior 
Biargin; anal aperture near the posterior margin, and also within 
the base. Ambulacral areas fiedrly wide; perfect. Posterior 
genital plate absent. 

Upper Cretaceous, 

Holaster. — Form heart-shaped, i.^., oval when viewed from 
above, with a broad notch anteriorly and a sharper posterior 
termination. Upper surface convex ; base flat. Tubercles smalL 
Oral aperture near anterior margin ; anal aperture on the pos- 
terior lateral sur&oe. Ambulacra perfect (compare Micraster, 
which has a similar form); the anterior ambulacral area lies 
in a well-marked groove, which continues round to the mouth- 
aperture. Posterior genital plate absent. 

Cretaceous, 

Micraster. — Form mnch like Holaster; typically heart-shaped; 
sometimes more acute, sometimes slightly truncated, at the pos- 
terior end. Tubercles smalL Apertures as in Holaster; the 
teat projects forward from behind the mouth-aperture so as to 
form a short covering below it. Pore-bearing areas set in 
grooves, the paired ones petaloid ; the three anterior areas are 
longer than the posterior. An anterior groove, in which the 
unpaired ambulacrum lies, runs from apex to mouth as in 
Holaster. Posterior genital plate absent. 

Upper Cretaceous to Miocene, • 

Note, — SpatangUS, a Cairwioie and oommon living form, resembles 
Micraster, bnt has laiger interambnlacral tubercles on the npper eurface, 
while the anterior nnpaired ambnlaemm is only feebly represented in ito 
groore. 
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Sub-group 3 — ^Palbobiitoidba. — The remains of early echinoids 
are rare, and the various genera have been collected bj Zittel 
into this division, to which he opposes the '' Euechinoidea," 
sub-divided into Regulares and Irregulares. Some Palechinoids 
seem to have had tests with plates that moved slightly on one 
another, so that the whole could be deformed by pressure with- 
out fracture, as is the case in the exceptional living euechinoids, 
Asthenosoma and Phormosoma. Moreover, their most striking 
characteris^c is a deviation from the normal number of twenty 
rows of plates. 

Thus ralffichinus (GoUandian to Cavb<miferous) is a spherical 
form with five nomial and perfect ambulacral areas ; but the 
interambulacrals are wide, and each is formed of four to seven 
rows of plates. 

ArchSBOCidaris, again, of the Carhoniferoua^ has £ur-sized tu- 
bercles on the interambulacra, and wavy narrow ambulacra, 
suggesting those of Oidaris ; but there are from three to eight 
rows of plates in each interambulacral area. 

Melomtes, also CanhwdferovM^ has supernumerary rows of 
plates in both the ambulacral and the interambulacral areas. 



E. ASTEROIDSA. 

The members of this group are of less assistance to the geo-> 
legist than is the great group of the Echinoids, owing to the ease 
with which their hard parts become separated and dispersed. 
Passing over the allied Ophiuroidea, in which the long arms 
contain no prolongations of the viscera, we may note that the 
arms of the Asteroidea, or true Star-fishes, contain numerous 
skeletal ossicles, which give them at times considerable solidity. 
There are thus the little ambulacrcU obsicUb^ which, by meeting in 
pairs so as to form a ridge, cover the ambulacral vessel that runs 
down the under side of each arm. Beneath this ridge, and thus 
in the groove formed by it, the tube-feet of the star-fish lie 
during fife. At the lateral margins of each arm are often two 
rows of marginal osaidea, one above and one below, each pair in 
contact. These ossicles are typically convex outwardly, often 
ornamented with granules or spines, and flat-sided where they 
abut*against their neighbours, whether of the same or the adjoin- 
ing row. At the base of the ambulacral ossicles a row of adam- 
hulacral ossicles always occurs. Accessory plates may be formed 
on the back of the arms, or between the marginals and the 
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adambulacraU. The marginal ossicles are not unfrequentlj 
found in fossil deposits. 

Palsaster. — ^Form like the common Star-fish (Asterias or 
Asteracanthion), with deep ambulacral grooves. The ambulacral 
ossicles, unlike any modem form, are alternate, not opposite, on 
the two sides of the groove. Marginal and dorsal ossicles present. 

Cambrian to Carboniferous. 

Protaster of the Gotlandian and Carboniferous is an Ophiuroid. 

Astropecten. — Form like the common Star-fish, but with 
strongly developed marginal ossicles. 

Lias to EecenL 

Goniaster. — In this type the form closely approximates to a 
pentagonal disc, throngh the extreme shortness of the arms ; the 
notch between one arm and the next is represented merely by a 
shallow concavity, along which marginal ossicles form a firm 
border. Between these ossicles and the small ambulacral areas, 
with their adambulacral and ambulacral ossicles, are abundant 
accessory plates, thus covering five intervening triangular areas. 
The dorsal surface is also covered with accessory plates. This 
genus is consequently represented by fairly coherent specimens. 

Jurassic to Recent. Fairly common in the Cretaceous. 



ZIII. Annelida. 

The division of the Annelida is largely represented by the 
borings of marine genera in sands, which have become converted 
into cylindrical casts by the deposition of material during 
subsequent rising of the tide. Sometimes the infilling, as in the 
very early examples in the quartzites above the Torridon Sand- 
stone, is conspicuous by consisting of a sand either more or less 
ferruginous than that into which the animal bored. If this 
infilling becomes consolidated more firmly than its surroundings, 
the cross-sections of the casts may stand out on weathered 
surfaces of the rock as little circular discs.* 

The specimens of such borings from Sutherland and Ross-shire, 
as above described, and from the quartzite of the Wrekin ridge, 
may claim to be among the very oldest fossil remains. 

The tube-building worms naturally leave abundant traces. 

* For fignres and descriptiaiis of raoh objooti see Sir J. W. Dawson* 
QuarL Jowm. CftoL Soe., 1890, p. 595. 
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Thiu Serpnla has a oalcareona tube, often irregularly corragated 
on the Burfaoe, and very varioasly carved ; the tube comroonlj' 
appears as if creeping forward in the fiEishion of a moving worm. 
It is nsoally fixed to other bodies, being thus often seen, for 
example, on the tests of Chalk echinoids. Common from ihs 
Juirasaic to the present day. 

Ditmpa forms an unattached simply curved tube, open at boUi 
ends, which closely resembles the scaphopod Dentalium. From 
this it may sometimes be distinguished by irregularity of curva- 
ture, and by being ornamented only on the side that was 
uppermost during life {ZiUel^ 

Cretaceoue to Recent. 



CHAPTER XXVIL 

rOSSIL OBNBRIO TYPES. 

ZIV. Arthropoda. 

From a stratigraphical point of view, the Arthropoda become less 
important in Cainozoic deposits than they are in the Palseozoic, 
and hence the earlier tjrpes of Crustacea or " Arachno-Crustacea," 
which are often grouped together in the heterogeneous division 
of the Entomostraca, must claim our chief attention. Their 
common character is a variable number of body-segments 
IJSomiUs)^ coupled with a simple type of organisation. 



A. OSTBAOODA. 

These little crustaceans have never more than 7 pairs of limbs, 
and are enclosed in a bivalve Shelly which corresponds to the 
shield formed by the union of the segments of the head and 
thorax in the Malacostraca. This shell is kept closed by a 
muscle. Its sur£Ekce is smooth or variously marked, often with 
hemispherical knobs, and its small oval form is characteristia 
The valves of ostracods are seldom liable to be confused with 
those of young lameJUbranchiata (see fig. 124). The shell is 
«hitinous or calcareous. 
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Singe-border. — ^The line of junction of the two yalves along 
which thej remain united. Little teeth sometimes occur upon 
the hinge (fig. 124, e). 

VenircU border, — ^Ijie lower border, towards which the limbs 
of the ostracod are directed during life. 

Eyo-spot. — A fairly hemispherical tubercle occurring in some 
genera on the anterior part of the valve, and indicating the 
-position of an eye. 

The Ostraoods are mostly Marine; fresh o? brackish water 
forms will be specially indicated.'*' 

Gypris (fig. 124, a). — Shell small, partly horny, and thin. Left 
valve the larger. Oval, or rather bean-shaped ; ventral border 

commonly somewhat concave. Ko 
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Fig. 124. — a, CyjyriB pwheeken' 
sis (Lower Purbeck Beds). 
The left valve is towards the 
observer. 6, Cypridea punc- 
tcUa, var: gtbbosa (Middle 
Purbeck). Left valve. c, 
Cytfiere retirugcUa, var: rugu- 
lata (Lower Purbeck). In- 
terior of left valve, showing 
an anterior socket for the 
tooth of the right valve; then 
a tooth, followed by a bar- 
like ridge, which terminates 
in a i>o8terior socket for the 
posterior tooth of Uie right 
valve. (The three figores 
after Prot Rupert Jones.) 



Pig. 125.— 5ey. Fig. 120.— X«pefrf»Wa 
richia (Ordo- inflata (Carbonifer- 
vioian). ous). Natural 

shown in centre. 



teeth. Surface generally smooth, 
and pierced with minute holes. 
Fresh-water. 

Purbeck to Recent, 

Cypridea {^g, 124, 6). — Like 
Oypris, but shell bearing a little 
beak-like process, with a notch 
behind it, at the anterior end of 
the ventral border. These are the 
common " Cyprids *' of the "Weald. 
Fresh-water. 

Purbeck to WecUden, 

Cypridina. — Shell small, thin, 
horny or calcareous. Oval, with a 



prolongation near the middle of the 
anterior border, beneath which a notch occurs. 



* For interesting descriptions and figures of Purbeck and Wealden forms 
see T. Rupert Jones, Quart. Joum. Cftol. Soc, 1886, p. 311. 
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Ca^howiferoui to BecenL Common in Carbaniferow, 

Cythere {^g. 124, c), — Shell thick, oval, or somewhat rect- 
angular ; often very highly ornamented with knots or spinee. 
Right valye with a tooth at each end of the hinge-line, and a 
pit and horizontal groove between them ; left valve with terminal 
pits, a ridge, and an anterior tooth. 

Gotlandian to Recent. 

Frimitia. — Shell small, thick, elongated oval; bat hinge-border 
straight. Not always equivalve. A farrow runs on the sur£ftoe 
from the hinge-border vertically towards the ventral border, 
sometimes reaching as far as the centre of the valve. 

Cambrian to Carhoniferoua. Especially Ordovician and Go^ 
landian, 

Beyiichia (fig. 125). — Shell thick, sarface distinctly convex; 
straight hinge. Somewhat truncated anterior and posterior 
borders, and convex ventral border. Sar&ce divided by strong 
fairly vertical farrows into markedly convex lobes, which com- 
monly unite below ; the marginal area is smoother. 

Cambrian to Carboniferous. Especially Ordovician and Gol- 
landian. 

Leperditia (fig. 126). — Shell large (attaining 2 cm. in length), 
thick, rather bean-shaped; straight hinge-border, and convex 
ventral border. Anterior border shorter than posterior. Eight 
valve larger than, and lapping somewhat over, the left. A small 
eye-spot occurs near the hinge-border. 

Cambrian to C(Mrboniferoti8. Especially Ordovician and Goi' 
landian. 



B. Phtllofoda. 

The animal is more distinctly segmented than in the Ostraooda, 
and the thoracic limbs, often numerous, are flattened and leaf- 
like, each dividing into two flaps at the end. Many genera have 
a covering that recalls the ostracod shell. Compare also the 
Phyllocarida. 

Estheria. — Shell bivalve, thin, sometimes partly calcified, but 
commonly homy, with a polished appearance. A small rounded 
umbo occurs near the anterior margin; hinge-line toothless and 
straight. Ventral border convex. Surface in most species 
concentrically ribbed ; sometimes smooth. 

Prof. T. Rupert Jones* remarks that, while Estherits have 

• Foasa BtihericB. Palncmt. Society, 1802, pp. 12 and 13. 
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often been mistaken for small forms of ATicnla and Posidonomjay. 
their homy appearance will distinguish them from the former, 
while there is also an absence of any bending out of the con- 
centric markings towards an ear, such as Avicula possesses. 
The valves, moreover, are rarely so quadrate in form as those 
of Posidonomya. 

Fresh and Bnuddsh water; but early forms are found associated 
with Marine fossils, perhaps owing to floods, perhaps through 
difference of habit. 

Devonian to BecenL Fairly common in the Truu. 

C. Trilobita. 

Owing to the absolute extinction of the whole order, the 
relations of the Trilobites to the well-defined Crustacea and to 
the Arachnida have remained somewhat obscure. Thanks to 
the work of Messrs. E. Billings,* 0. D. Walcott,t and J. Mickle- 
borough,^ the appendages of the genera, Asaphus, Calymene, 
Oheirurus, and Acidaspis, are now fairly known; while Mr. 
Beecher has examined them in Trinucleus and, with signal 
success, in Triarthrus.§ Dr. Oehlert has recently summarised 
the results of these researches (BtUL Soc, geoL de France, 3me 
s^., t. xxiv., p. 97) ; and it has been pointed out that Linnaeus 
observed antenned in a specimen of Parabolina as far back as 
1759 (see Gtol Mag,, 1896, p. 142;. The verification of these 
in Triarthrus has led to the retention of the trilobites among 
the Crustacea; and Mr. H. M. Bernard sees in Apus their 
nearest living representative. 

The hard covering of the trilobites, which is all that ordinarily 
remains to us, can be clearly divided into three parts, the nomen- 
clature of which has depended upon the classificatory position 
taken up by successive palsontologistb. The supporters of the 
arachnid view employ *' cephalo-thorax," '* abdomen," and <* post- 
abdomen" or "pygidium"; the rival school uses "head," "thorax,** 
and " pygidium." To avoid confusion, and to carry forward the 
same nomenclature when writing of the Merostomata, we pro- 
pose to speak of the " head-shield," " body," and " pygidium.*^ 
This is practically the plan adopted by Mr. H. M. Bernard. 

Read-shield (fig. 127). — This portion is approximately semi- 
circular, and is not broken up in the adult into transverse 

* Quart, Jowm. Oeol Soc, vol. xxvL (1870), p. 479. 
iBuUetm Museum Comp, Zoology, Cambridge, U.8,A,, 18SL 
X Reprinted in Geological Magazine, 1884, pp. 80 and 162. 
i Am. Jowm, 8cL, 1896 and 1890. 
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segmenU. It h&s curved anlertor {or JroiUal) uid lalgral bordert, 
formmg an outwardly convex mu^in ; while it haa sn almoat 
Btrajght posterior or oc- 
cipital border, where it 
joins the £rst body-Mg- 
X^ menL An oeeipitatyurrotp 
jj- often occnra in the head- 
/%e ■" shield pu&llet to and near 

y, — this border. The shield 

•/"'* ie folded over below itt 

V, front margin, so as to 

extend a little way back 
T' towards the month. 

In jonng forms, the 

^ original five — or, in soms 

cases, four — segments 

composing the head-shield 

have been traced. 

•* C/a6eUa.— Ths oonver 

P elevated portion of tbs 

head-shield reaching from 
^ the centre of the occipital 

border nearly to the ait- 
teriorborder. TheelabeUa 
varies in form, ana some- 
times bears lateral fnrroir^ 

--^r— -r.,- .-,-.- ^ ^ i^«..i^ ^ which ran approzimatelj 

Bxly-Be^enti'; "F,"pyg^i^m.' V, at right angles to its sides; 
Eyo. fi:.c, Futed cheek. Jr.e, Free they thos divide its edges 
oheek. /. Faoiil Butare (starting in i^to lobe», and probably 

tha glaballft). g, QUbeUa (beuring segmentation. 

latent forrowB). pi, Fleora, facial StUt*res. — Fine 

lines of junction between 
the two parts into which the area on either side of the glabell* 
<!au he divided. Each of the two fecial sutnres arises at soma 
posterior point of the border of the head-shield, runs forward 
between the glabella and the eye, and either terminates by 
cutting across the anterior border (fig. 128), or by meeting Its 
fellow-suture in front of the glabella (fig. 132). Occasionally in 
the former case an additional suture, the marginal suture, runs 
from one facial suture to the other along the anterior part of 
the head-shield. This occurs in Oalymene, Faradozide^ and 
Illtenas. 
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Fixed Chseki. — ^The areas on each side of the glabella between 
it and the £ftoial suture. 

Free Cheeks. — The portions of the head-shield between the 
Uud&l sutures and the outer margin. These two parts may 
become detached after the death of the animal, and are often 
seen to have shifted away slightly from the iixed cheeks. 

Eyes, — These are sometimes absent (fig. 130), sometimes 
represented only by papillae ; but they are commonly present as 
two Somewhat crescentic elevations, occasionally supported on a 
stalky and are covered with numerous facets, each of which was a 
lens (figs. 127 and 135). As above hinted, they occur on the free 
cheeks, close against the fistcial suture, where it approaches the 
side of the glabella. 

HypoetoTM. — The anterior portion of the head-shield is bent 
over, and may form a broad crescentic plate-like surfitoe on the 
under side, between the anterior end of the animal and the 
position occupied by its mouth. A small plate, of various form, 
often occurs before the mouth, with its anterior border in contact 
with the edge of the folded-over head-shield, and its other borders 
free. This is the Hypostome (fig. 133), representing the labrum 
that overlaps the front of the mouth in higher Crustacea. 

Body, — ^The portion between the head-shield and the pygidium. 
It consists of a very variable number of segments, which were 
movable on one another, so that in some genera the animal 
could coil itself up after the manner of a wood-louse. Two 
longitudinal furrows or depressions run down the body, one 
starting on each side of the glabella, and corresponding, in fisLct, 
to the depressions which divide the glabella from the cheeks. 
Each body-segment is thus marked out into a central convex 
part, the annulusy and a flatter and commonly broader portion 
on each side. The latter areas form the pleura;^ they are 
generally marked with a groove, or a ridge, from the annulus 
outwards, and often terminate in spines (fig. 128). The convex 
ridge formed by the series of annuli, running from the glabella 
over the body, and commonly on to the pygidium itself, is termed 
the rachU, 

Pygidium, — The shield covering the posterior part of the 
trilobite. Its outline often repeats that of the head-shield (figs. 
129 and 133), and it consists of permanently united segments. 
Sometimes the traces of the original segmentation are perfectly 
clear (fig. 134), and the rachis generally persists on it for some 
distance. 

* Pleura and j)Uwr€6 have alike been used ; their respective singnlars are 
pleunm and pleura^ both of which are good Greek forms. 
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Appendagu, — Of the five pain of head-appendageB known, tihe 
first is a pair of antenruB^ their hases inserted on the edge of the 
hypostome. These are long in Triarthrus, and consist of one 
ray. The bases of the remaining four pairs were probably used 
in mastication. Each body-segment bore a pair of appendages, 
and the pygidium had also a number of pairs corresponding to 
its original segmentation. All these limbs Twere fixed to the 
inside edges of the rachis. They were simple biramons types ; 
and the pygidial pairs, and possibly those on the body, served 
for respiration as well as for swimming. There is a gradual 
change in type, from the anterior body-appendages, which 
resemble those on the head-shield, to the posterior ones, which 
resemble those on the pygidium. 

Lastly, we should note that the more resisting character of the 
head-shield and the pygidium often allows of their being found 
isolated in rocks, when the body-segments have become parted 
asunder and lost It has been suggested that the '' trilobite," 
as found, may often be a mere '* skin " cast off by the animal 
during life. 

The Trilobites were all Marine. 



Paradoxides. — Form elongated; sometimes large (70 cm. or 
so in length), tapering fairly uniformly from the front to the 
pygidium. Head-shield semicircular, with a long curving spine 
running backwards from each of its posterior angles. Glabella 
rather flat, rounded and broad in front, narrowing posteriorly, 
with lateral furrows. Facial sutures running from posterior 
to anterior border, without bending in any great degree 
towards the glabella. A marginal suture is present. Body 
with numerous (16 to 20) segments, and with well-marked 
trilobed character. Pleura furrowed and prolonged as spines. 
Pygidium very small, the rachis being continued on to it for 
a short distance; a long spine often runs out posteriorly on 
each side. 

Exclusively Cambrian. Typically Middle Cambrian, 

Olenellua — Besembles Paradoxides, with narrower glabella; 
facial sutures obscure or absent. Third body-segment often 
larger than the others. Pygidium at times styliform. 13 to 26 
body-segments. 

Lower Cambrian,* 

""Q^'' The Story of OleatiajiB,'* Natural Science, YoL I, IX UO. JSToMa 
aad Meeonaae are tabgenera. 
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Oleimi (fig. 128).— Form broftder Mid mon <ml thftn in 
Paradoxides. Head-ohield broad and semicircular, with » epius 
running back from each posterior angle, Gla- 
l>ella rather conical, narrowing anteriorly, and 
with lateral fdrrowa. A little ridge runs out 
from it to each eje, at right angles to the axis. 
Facial suture running from posterior to anterior 
Imrder, sometimes closely approaching glabella. 
Xtody with 12 to 16 segments, which have 
short sharp backward terminations. Pleura 
broad. Fygidium small, broad, with rachis 
weU marked on it for some distauce, hk^^ lU^. 

ExclusiTely (7ai»6rtam. Tjpic&ll; Upper ^j^ Flagi), 
Cambrian. 

ConocoiTphe (ConocepbeluB). — Form much like Olenus. Head- 
shield semicircular, without postenor spines. Glabella conical, 
furrowed ; somewhat truncated at its narrower (anterior) end, 
and divided bj deep depressions from the cheeks. Eyes rather 
near the anterior end of the glabella, and fucial sutures running 
from the posterior maj-gin, near the angles of the shield, inwards 
almost to the glabella, and then out^ widely diverging, across the 
SLnterior border. Body with fourteen or fifteen augments; racbis 
well marked ; pleura furrowed, and rounded at the ends. Pygidiunt 
' Binall, with distinct raohis, and with traces of segmentation. 

Z. Cambrian to Ordovician. 

Angelina. — Proportions much as in Olenus, and head-shield 
with posterior spines. Glabella' narrowed anteriorly, but smooth 
and rounded. Body with fourteen or fifteen segments; plenm 
furrowed. 

Cambrian, 

Agnoftni (Ag. 129).— Form am»ll, elliptical, the head-ahisid 
• t e 

ng. l2a.~AgnotlMt Tig. 190.— Trinudeut eoitcm- Fig. Ul.Stavu 
(CambrUn). lri«iu (Bala Bads). In PlamagiuU (Bala 

TMioa* ilBgsa of growth. Beds). 

and i^gidinm being almost similar; both ore rounded at tiio 
ontw utd, with ooutox or straiohtish ^es. Glabella distinct. 
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No ejes or fmdsl sntvres. Body with only tiro s^^enta. 
Pygidium with fairly marked rachis, which terminates broadly ; 
a httle process often runs out posteriorly from each lateral 
border of the pygidium ; bat it is otherwise difficult to diatixi- 
guish detached pygidia firom head-shields. 

Cambrian, 

Trinudens (fig. 130). — Head-shield large and predominant, 
projecting laterally beyond the body ; semicircular in front, and 
often with long spines from the posterior angles. Glabella and 
cheeks smooth, and forming three strongly convex elevations^ 
which leave a broad fiat semicircular border beyond them. This 
border is pierced with minute holes. No eyes or fiusial sutures. 
Body with six segments; rachis rather narrow and distinct, con- 
tinued on to the small pygidium ; pleura furrowed. The body 
and pygidium are together smaller in area than the head-shield. 

Ordovician, 

Harpes (fig. 131). — This remarkable form bears some re- 
semblance to Trinucleus, having a similar broad perforated 
border to the head-shield, prolonged backwards in this case 
almost as fiea* as the pygidium. Eyes present^ but no (or very 
indistinct) facial structures. A little ridge sometimes runs from 
the glabella to each eye, as in Olenus. Numerous body segments 
(about twenty-five). Pygidium very small. The flat border of 
the head-shield is sometimes found detached and isolated. 

Ordovician to Devonian, 



Calymene. — ^Form oval, rather broad. Often ornamented 
with little tubercles. Head-shield broad, rounded anteriorly; 
posterior angles generally without spines. Glabella convex, 
with three strong pairs of furrows, the most posterior pair in 
some species bifurcating at the end. Facial sutures running 
from the posterior angles obliquely inwards to the eyes, and then 
across the anterior border, where they are connected by a 
marginal suture. Body with thirteen segments ; rachis well 
marked. Pygidium rounded and scarcely distinct from the body, 
the rachis reaching to the end, and traces of segmemts being 
dearly marked. 

This genus is one of those most frequently found in a rolled 
up condition, as in the specimens from the Wenlock Beds at 
Dudley. The hindmost of the pairs of limbs on the head-shield 
is larger and broader than the otherSi suggesting its dififereutia- 
tion into a special pair of paddles. 

Ordovician and Ootlandian, 
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Honilonottui (fig. 132). — Fonn Uar\j long; eometim«a onia- 
mented with spinea. Head-ahield ratber brood, either rounded 
or pointed anteriorlj ; no pos- 
terior Bpines. Ota bell a com- 
monly only feebly marked off 
from the cheeks, and nofurrowed. 
Facial Bntures much as in Caly- 
mene, bat commonly meeting 
withoat intersecting the anterior 
border. Body with thirteen 




5^ 



Tig. ISS.— -Abmobmotei (Gotlandiui). 'Fig. lSS.—Aiaphv» PoKMHOtAt^ 
Showing facial mitnie continuona Tician). With hypoitoine. 
in front of the glabella. 

segmenta ; rachis not sharply marked off. Fygidinm with rschis 
and traces of segments; pointed posteriorly, sometimes ending 
in a short apinoL 

OrdovieioK to Devoman. 



Ogj0ti, — Form often large, ronndly oval, and rather flat Head- 
sbield semicircalar, stMnetimea with posterior spines. Glabella 
rather strwght at sides, widening in front, with foar pain of 
farrows. Hypostome not notched on its posterior border. Facial 
«ntnres nutning from the posterior border, near the angles, 
obliqaely to the large crescentic eyes ; thence they sometimea 
cross the anterior border, but generally nnite in front of the 
^bella. Body with 8 aegments; rachis well marked; plenra 
broad, fnTTOwed, not spinose at the ends. Fygidinm about th» 
•ame size as the head-shield, and nearly semicircular, slight!/ 
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elongated; its ndus ia distincti with nameroiu ■^mental 
lD»rkinga oa it and oa the I&teral areM. 

Ortiovieian. 

As^has (fiz. 133). — A. close ally of Ogygia, and often UrgeL 
like Ogygia, oat rather more convex ; 8 £>d7-BeKments. The 
traces of segmentation on the pygidium are coimoed to it« nuihia 
or altogether absent. The head-shield may be sharply pointed 
in front, or semicircular; glabella commonly not farrowed, 
fiypostome with a deep notch on posterior border. The glabella 
on the head-shield and the rachis on the pygidinm may appear 
merely as broadly convex folds. 

OrthviiHan. 

nieniu. — AUy of Asaphns, bnt commonly more atrong^lj 
convex, and more broadly elliptical in ontline. Glabella only 
feebly indicated, externally without furrows. Facial satnrea 
connected by a marginal antare ; 8 to 10 body-segmenta (typically 
the latter) ; pleura smooth. Pygidium with slight trace, if any, 
of rachis, and with no external signs of aegmentation. 

Ordovieian and Oollandian. 



Fhaoops (fig. 134). — Form elongated, oval, or elliptical. Head- 
shield almost semiciioalar, withoat poaterior spines. Olabella 



Pig. lU. — FtMcopi (CAtuniMi^) 
eonophthatmai (Bftla Bsda). In 
the nib-sBiins Chsstnopa the sn- 

t«riar lobai of the glabella an Hg. ISS. — Bnmtatt JUm^wf 

•XMptioiisU; axpanded. (DeToniao). 

much widened anteriorly, distinct ; only feebly farrowed, except 
in the poaterior part. Facial sntnres arising on the lateral 
margins, almost opposite the eyes, and nniting in front of the 
glabella. Body with II segments. Pygidium semicircular, with 
marked raohis and signs of aegmentation. See Dalmani^ 
Qotiandian to Deamum. 
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Dabnania (fig. 127).~Like Phacops, of which it ii often re- 
garded as a mere sub-genus ; but the glabella is distinctly fur- 
rowed, and not so markedly widened anteriorly. Long postericnr 
spines to the head-shield; the pygidium also commonly terminatea 
in a spine. 

Ordavieian and Gotlandian, 



BronteoB (fig. 135). — Form broadly ovaL Head-shield semi- 
circular; free cheeks often detached; glabella much widened 
anteriorly, and sometimes furrowed. Ten body-segments; pleura 
with longitudinal ridges. Pygidium large, rounded posteriorlyi 
with very short rachis, from which somewhat broad furrows 
radiate to the margin. 

Ordovician to Devonian, 



The last &mily, the Proetids, contains the latest surviying 
trilobites. 

Froetns. — Form small; oval or elliptical Head-shield semi- 
circular, with a distinct thickened marginal rim; posterior spines 
sometimes occur. Glabella convex, somewhat narrowed in front; 
unfurrowed. Facial sutures running rather straightly fh>m the 
posterior to the anterior border. Eight to ten body-segments ; 
rachis distinct, pleura furrowed. Pygidium with a semicircular 
border like that of the head-shielc(, the whole form being thus 
simple and elliptical 

Ordovician to Carboni/eroti$. Typically Lower Palceozoie. 

Fhillipsia. — Close ally of Proetus; but Uie glabella bears three 
pairs of furrows, and is bounded by nearly parallel sides. Nine 
body-segments. The smooth elliptical outline of Proetus is 
maintained in Phillipsia. 

Gotlandian to Permian; typically Carboniferotts. 

Griffithides. — Like Phillipsia, of which it may be regarded as a 
mere sub-genus ; but fflabella distinctly widened in front, with 
one pair of furrows only, these being posterior. 

Carboniferous, 

D. Mebostomata* 

We cau only refer in passing to this group of large Arthro- 
pods, represented at present by the King Grab (Limulus), and 
in PalflBosoic times by rarioos Limuloid forms (Xiphosnra), and 
by the Eurypterida. 

26 
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Hsn, ftgsii<( the nomenclature of the parts of the animals 
depends upon the classification adopted ; and it is not for the 
freologiat to put these interesting remains definitely into any of 
Uie piKeon-holes prepared for the animals of to-day. The 
Arachnid view gives ns "ceph&lo-thorax," "abdomen," and "poat- 
tbdomen"; the crastacean viev, "head-shield," "thorax," and 
"abdomen." We propose to adopt "bead-shield," "body," and 
"posterior region, in order to avoid debatable groand, and to 
compare the Merottomata fairly with the Tritobites. 

(i) XiPHOSURA. 

BtUmOlIB is an early ally of Xrimalns, with hemispherioal head- 
shield, S nnfosed body-segments, and 3 fused posterior segments^ 
this region terminating in a long spine. Having a glabella, 
racbis, and furrowed pleura, it has a, 
decidedly trilobitic character. 

Devonian ( U. Old Red Sandtlona) and 
Co(d- Mecuurea, 

Preatwichla (fig. 136) is tike Belinams, 
but its body-segments are fused, as w-ell 
as those of the posterior region. 
Coal- Mmuurei. 

Prolimnlas, resembling a larval Lima- 
Ins, occurs in the Permian of Bohemia. 
Limalas iUelf, with its fused bodj- 
Fiff IM. segments, and no other representative of 

Pruiwi^ia atuhmx '*'* posterior region than a spine, occoM 
(Carbonlferooa). as early as the Triaa. The larva of 

Limnlns, with its separate head-shield, 
narked with a glabella, and its segmented body, presents & 
strikii^ resemblance to a trilobite, and is to the geologist one 
of the most interesting of living creatnres. 

(ii) EUBTPTERIDA. 

The Eurypterida include animals some four or even six feefc 
long, the limbs of which are highly developed and of very 
various form. These appendages are all attached to the head. 
The body has six unfused segments, the branchie occurring on 
their nnder sides; there are seven posterior segments, also 
movable, the last consisting of a UUon, as in the familiar 
Crayfish. The whole surface preserves only traces of a trilobed 
character, and is more or less folded over in the body and 
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posterior regions. The whole form is long, but somewhat pear- 
shaped. Eorjpterids are now known eren in Oambrian strata. 

^ir;]nP^'^8 has a somewhat semicircular head, rather straight 
at the sides, with a large pair of ejes set well within the mar- 
gin ; ** ocelli " or eye-spots occur in addition in the centre of the 
shield. 

The work of Dr. Fr. Schmidt* has revealed an additional 
small pair of appendages, not reaching to the margin of the 
head-shield, and in advance of those preyiouslj known. GThis 
first pair is not provided with prehensile claws (chela), and 
behind it come four larger pairs of similarly simple limbs. The 
sixth and last pair consists of large flattened swimming-paddles. 

Schmidt brings forward evidence to show that the bodj- 
segments bend over comparatively slightly at the sides, as in 
ordinary trilobites, and that the plates which seem to continue 
them on the under-side; thus covering the branchiae, belong in 
reality to the branchial (phyllopodous) appendages themselves. 

The telson, in opposition to that of Pterygotus, is a long 
spine. 

Uppermost ffbSandian to Carb<miferou9. 

Pterygotus is generally similar in form to Enrypterus, but its 
two large eyes lie on the anterior margin of the head-shield. 
The first appendage on each side is long, and terminates in a 
daw like that of the lobster. Schmidt f finds four smaller simple 
pairs of appendages behind this one— not three as usually 
figured; the sixth, as in Eurypterus, is a pair of broad swimming- 
paddles. The telson is also broad and paddle-shaped. 

Ordovician (Bohemia) to Devonian (Old Red SandeUme). 

Stylonums resembles Eurypterus, and has similarly a spine 
for the telson; but its two posterior pairs of limbs are very 
long, resembling jointed rods. 

Uppermost OoUandian to Devonian, 



E. Leptostraca (Phtllooabida)^ 

This division of the Orustacea has been formed to include the 
small living genus Nebalia, which has characters intermediate 
between some Entomostraca and the Malacostraca. As in the 
latter division, the head and thorax together include thirteen 

* '*Die Gmstaceenfatina der Eurypterenschiohten von RootziktUl ftuf 
OeseL" Mim, AecuL imp, dee Sciencee de ^ Petersbaurg^ «$r. 7> tome 
cxL (1883), p. 51, ko. 
t/«d.,p.d4. 
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Begments; bat Kebalia is peculiar in having eight abdominal 
segments. The thoracic limbs ally Nebalia to the PhjUopods; 
and it has, like Apos in that group, a thin dorsal shield, folded 
over laterally, and covering the cephalic and thoracic s^menta. 
On the other hand, it has a characteristic appendage, the roifyrum, 
in front of the shield. Nebalia is Marine. 

Several well-knoim Paloozoic genera have been transferred 
here from the Phjllopoda, on account of the fiurly constant 
number of their segments, the presence of a rostrum, kc. But 
much caution must necessarily be exercised in dealing with their 
thin and fragmentary remains. 

Ceratiocsnii. — Dorsal shield bivalve, somewhat rectanffolar 
when viewed from the side. Fourteen or more segments, of 
which sometimes as many as seven are free, and project beyond 
the dorsal shield. Sur&ce of shield finely striated parallel to its 
length. Rostrum known. Abdom^i terminating in a telaoD« 
which is formed of a large and two shorter spines. 

Ordovician to Carbomferotu, 

Hymenocaris. — Dorsal shield composed of one piece folded 
over, distinctly convex at the ventral border. Tebon with 
several spines. 

Cambnan (LmgtUa Flag$). 



F. Malacostraoa. 

In this division, including the modern types of highly-organ- 
ised Orustacea, the animal has typically six head-segments (some 
authors, reckoning in the eye, have counted -seven^, seven 
thoracic segments, and seven abdominal segments, including the 
telson. 

While fossil remains of Malacostraca occur scattered fidrly 
freely through Mesozoic and Cainozoic rocks, they are scarcely 
to be regarded as of importance in characterising special horizons. 

Archseoniscus may be mentioned as an early representative of 
the Isopoda, the order that includes the Woodlouse (Oniscos). 
The isopods have the head distinct from the thoracic segments ; 
the form is broadly oval, and the branchise are borne by the 
fused abdominal segments. In Archteoniscus there are thirteen 
thoracico-abdominal segments, including a rounded telson. 
Milne-Edwards assigns seven of these to the thorax. 

PxMrheck, 

As an example of the Macrurous Decapoda, which include the 
Lobster, we may mention Hoploparia, in which there is the 
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duuracteristio fusion of the anterior segments into a oephalo- 
thoracic shield. One of the two great anterior clawed limhs is 
more slender than the other. 

Lower Cretaceotu to Eocene {London Clay), 

Lastly, Palaocorystes {OatUt to Eocene), and Xanthopsis of the 
JEocene {London Clay)^ are f&iniliar Brachjurous Decapods ; they 
are crao-like, therefore, in form, with the abdomen, unlike that 
of the Macrura, folded under the broad cephalothoracic shield. 



CHAPTER XXVin. 

SUGGESTED U8T OF CHABACTERISTIO INYSBTEBRATE FOSSILS. 

As already mentioned (p. 292), this list consists in great part 
of forms familiar in the British Isles, and must be modified to 
suit the needs of observers in any special area. Some rare 
forms are included, where they mark important zones, or where 
they are a distinct addition to the &una as displayed by other 
genera. Attention is particularly directed to the generic names, 
since these give an idea of the faun» of successive periods, in 
whatever country the student may be placed. On going over 
the list in front of the specimens in a public collection, notes 
may conveniently be adaed as to specific characters. A few 
such notes are given here; but to ascertain the real points of 
difference between one species and another of the same genus, 
reference must be made to the original descriptions, or to publi- 
cations such as those of the PaUeontographical Society. Dr. E. 
Koken, in his Leiffoesilien (0. H. Tauchnitz, Leipzig, 1896), 
enters usefully into the specific details of a large number of 
characteristic fossils. Where svnonyms exist, the more &miliar 
names of genera have been aaopted; and where a new genus 
has been established out of a subdivision of an old one, the 
older name is often also given, 

Abbreylatlons med :— Hydro. ->» Hydrosoa. Aotin. « Actinosoa. 
Braoh^aBraohiopoda. Lam. » Lamellibraachiata. Gast.« Gastropoda. 
Ceph. —Cephalopoda. Am. '^AmmonUee, 
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I. CAMBRIAN. 

Lower Series (Olenellos Series; Taconian, Lapworth, 1891). 

Spongie. Pratotpongia. 
Braoh. LingvieUa primcBWi, 
Pteropoda ? ByoHthes antiqtiUB. 
Trilobita. OieneUuB. 

Middle Series (Menevian ; Paradozides Series). 

Spongis. Frotospanffia/enestrata. 
Brach. Diicina pilsoltu. Obolella 8CLgiUaU$, 
Pteropoda % HyolUhea corrugaius, 

Trilobita. Fcunadoxidea Dcmdis, Conoooryphe eonmata, Aff- 
mattUB actUalis, 

Upper Series (Olenas Series). 

LiNGULA Flags Stage. 

Brach. LingulMa Davitii, Orthis lenticulari$» 
Tnlobita. Agnoitus pisi/ormis, 
Phyllooarida. Hymenoearis vermicauda. 

Trbmadoc Stags. 

Hydro. Dieiyanema sociale, 

Brach. Orthis CarausU. LinguIeUa lepi$. 

Lam. CyrtodorUa and Olypiarca, an early ally of Area (rare). 

Pteropoda. Hyolithet. Conularui. 

Trilobita. Olemu. dmoeoryphe depressa. Angelina SedgwieiL 



IL ORDOVIOLAJ^ (LOWER SILURLAN). 

Arenig Series. 
Hydra Didymograpius. Diplograpiui, 

Llandeilo Series. 

Hydro. Didymograptus MurchiaanL 
Brach. OrtkU shiahda. 
Gast. Bell&raphon perturhatua. 

Trilobita. Ogygia Buchil Aiapkus tyranmti. !Pnmicieu», 

CdUynwm. 
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Bala Series. 

Hydro. Diplograptua. CUmaeograptus. 
Brach. Orthis caUigramma, OrthieJlabeUuhim. 
Oeph. Orthoceras vagans, 
Cystidea. EchvnosphcBritea, 

Trilobita. Trinudeua concerUrictu. IHoenuB, Phacops Brong- 
niarti. 

m. GOTLANDIAN (UPPER SILURIAN). 

Llandovery Series. 

Hydro. Diplogrc^pttu veeunUostta. Monograptus Sedguncki. 
jRctstrites peregrinus. 

Brach. Fentctmerus obUmgtu (common as casts in England). 
Trilobita. Proetut Stokesii, 

Wenlock Series. 

Hydro. Monograptus priodon. Stromatopora, 

Actin. Eeliolitea interstincta. Holy sites oatenularia (also in 
Bala Series). Omphyma turbincUum. CycUhophyUum cmgitstium. 
FavosiUs gotMandica. Alveolites. CcBnites, 

Polyzottb FenesteUa, 

Brach. Rhynchonella borecUis. Orthis elegarUtUa. Ltptoena 
rhomboidalis. Atrypa reticularis, MeristeUa tumida. 

Lam. Orthonota amygdalina, 

Gktst. Euomphalus rugosus, Pleurotomaria. Murchisonia. 

Pteropoda ? Tentaculites. 

Oeph. Orthoceras annuUUiwn. Phragmoeeras, Gomphooeras. 

Crinoidea. Actinocrinus, Cyathocrinus. 

Trilobita. Calymene Blvmenbachii, HomaiUmotus delphino* 
eephalus, BcUmania caudata {Phacops caudatus), 

Ludlow Series. 

Brach. Pentamerus KnighHi (Aymestry Limestone). 
Lam. Cardiola interrupta, Orthonota. Orcmmiysia. 
Oeph. Orthoceras ludense. lAiuUes. 
Eurypterida. EwryptieruM. Pterygatus. StylomKrus. 



IV. DEVONIAN. 
Lower Series. 

Brach. SpM/er speciosus. 
Lam. Orammysia marginata. 
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Ceph. Orthoceras, 

Trilobita. BrotUeui, Ilamalanoiui. 

Ifiddle Series. 

Aotm. CyaihophyUum hdianthoidea. Fawmies amngera, 
CcUoeola sandalina, 

Brach. Stringoeephalut BurHni. Spirifir dsgans. Feniamerui 
gcUeatus, 

Gast. Bdlerophon itriaiuB. Pleuratamaria, Murchiaania, 

Crinoidea. AcHnoerinus. 

Trilobita. Phaeop$ laHJram. Brontmu JlabeU\fer. 

Upper Series. 

Hydra Stramatapara. 

Braoh. Atrypa reHmdairU (passes up from Silurian). Bhjff^ 
eKoneUa cuboides. Spiri/er VemeuUi, 

Lam. CucfiUcsa uniUUeraliB {Hardingii). Cardiola. 
Ceph. Glymenia, FroUcanitei {Oaniatites). 

Old Bed Sandstone (Fresh-water Devonian). 

Lam. Archanodon JuJeesii (passage-beds to L. Oarboniferous)* 

Phyllopoda. Estheria, 

Eurypterida. Eurypiema. Fierygoku. SiyUmuru$. 



Y. CARBONIFEROUS. 
Marine Beds. 

Foraminifera. Endothyra. FiLsulina. Saceamimna /utuUni^ 
farmU, 

Aotin. CycUhophyllum regium. ZaphrerUis oylindrica, Zithth 
itroUon b€ualH/orme. Lonsdaleiajlorifarmis. Michelinia favosa, 
Syringopora ramtUoaa, 

Polyzoa. Fenestella, ErUalophora* 

Brach. Spiri/er stricUuB, FroduchM semireticulcatis. Fro- 
dtictu8 giganteus, Orthia reaupvnata. RhynchoneUa pttgnus. 
TerebrcUxda hastata. 

Lam. Fosidonamya BeeherL AviculopeeUn papyracew. C(m(h 
eardium ali/orme. 

Gaat. Euomphalut peniangulaiui. Bettercphan. 
Flettroiamana, 

Fteropoda. Ctmuiaria, 
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Ceph. Orthoceras. DiscUes, Goniatites : — Glj/phioceroB 
trenistria ; Gastriocercu lAsteri ; Fronorites cyclolobus. 

Orinoidea. AcHnocrinus. Platycriniu. CycUhocrinus. 

Blastoidea. GrancUocrinua dlipticus. PerUremitei. 

Trilobita. GriJUhides $emini/erus {PhilUptia semmifitra)^ 
PkilUpsia gemmul\fera. 



VI. PERMIAN. 

Pol j2oa« Fene$tella retifomUs. 

Brach. Productui harridus, Camaraphoria muttipUeaicu 

Lara. Schizodus truneoHu. 

Gast. BMwophon. 



VII. TRIAS. 
Lower Series (Bnnter and Werfen Series). 

Lam. Myophoria coatata (Bunter). Modiola hinmd\formi9 
(Banter). MonotU Clarai (Werfen). Trigonia coatcUa (Bunter 
and Werfen ; also M. Jurassic^. 

Ceph. TrachyeeraSf and other allies of Ceratites (Werfen; 
B&neekffia, among these, occurs also in Bunter). 

Phyllopoda. Eatheria Albertii (Bunter). 

lOddle Series (Mnschelkalk Series). 

Brach. Spiriferina Mentzeli, TerebrcUiUa vulg<ma. Eetzia 
(Tetractvndla) trigonella. 

Lam. DcumeUa Sturi (Alps). Lima (sub-gen. Radida) atricUa. 
GerviUia {Hoemeaia) aocialia, Myophoria vulgaria. 

Ceph. Ortkoceraa campanile (Alps). Ammonites: — Trachy* 
eeraa. CercUiUa nodoaua. 

Crinoidea. — Encrinua lilii/ormia (E./oaaUia). 

Upper Series (Eenper and Upper Alpine Series). 

Brach. Koninckina Leonardi (Alps). 

Lam. DaoneUa (ffalobia) Lommeli (Alps). Cardita crenata 
(Alps). GervUUaaubeoatata. Myophoria Goldfuaai. Myophoria 
raXbUana (Keuper and Alps). 

Oast. TSi/rbo aolitariua (Alps). 

Oeph. Orthoeeraa elegana (Alps). Ammonites: — Arceaiea 
smbumbUieatua ; Arceatea Gaytam; Trachyceraa Aon (Alps). 
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Echinoidea. Cidaris (Alps). 
Phyllopoda. S$th$ria minuta (Banter). 

Rhstio. 

- Lam. Monoii$ deoutsatci, Avic%da eoniortti, FeeienvakmiefMii, 
Protocardia rhcdUca. 



VIII. JURASSIC. 

Lower Jurassio. 

LowBR Lias. 

Brach. Spiriferina WalcoUii. 

Lam. Avicula cygnipes (also Middle lias). Cardinia Litteru 
Cardinia avalis. ffippopodium ponderontmu Gryphc&a ineurva, 
Lima (sub-gen. Plagiostoma) giganUa, 

Gast. Fleuroloniaria cmglica, 

Ceph. Ammonites : — Fsiloceras planorhis; SMotheimia angvr 
IcUa (jEgoceras angulatum); Arietites Conyheari; ArietUes Buck- 
iandi; Arietites ohtusvs; OxynoHceroB {AmdUheu$) cacynotus; 
Arietites raricostatus ; JSgoceras planieoeta, 

Orinoidea. Pentacrirvue, 

Middle Lias. 

Brach. TerebnUula punetaia, BhynchaneUa ietrdkedrc^ 
Lam. Pecten cequivalvie, 

Oeph. Ammonites : — Amaltheus margcvritatue ; Anutltheui 
tpincUus; jEgooerae eapricomtis; JEgocerat Henleyi; ^ooerae 

Upper Lias. 

Lam. Leda ovum. 

Oeph. Ammonites: — PhyUocerae heterophyUum ; Cceloeeris 
commune; Harpocerae {Uildoeerae) hifrone; Earpocertu mrpet^ 
iinum. BeUmniUe often abundant. 

Middle Jorassic. 
MiDFORD Sands. 

Brach. BhynehofMa cynoeephala (rantral margin strikixigly 
plicated). 

Lam. Pholadomya fidicvla. 

Ceph. Lytocercu jurense {Ammonitei jurenii$). This species 
has several auxiliary lobes, contrary to tiie rule m Lytooecat. 
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Inferior Oolitjs. 

Actin. MatUUvaUia. 

Brach. Terebratula fimbria, RhynchoneUa apinosa. 

Lam. Lima (sab-gen. CUnostreon) proboscidea, TrigotUa, 
numerous species ; e.g.y Trigonia costata. Ceromya bajociana, 

Gast. Fieudomelania (Chemnitzia), Nerinea. 

Ceph. Ammonites: — rarkinsonia (Coimocertxs) Parkinsoni; 
SUpha/noeeroB humphristianum, 

Echinoidea. Clypetu Plotii, Pygorhytis ringens (Pjgorbjtis 
18 one of the Collyritidae). 

BATEOmAN. 

Braoh. Terebraiula maxiUata (note the range of form in this 
flpeeies). Waldheimia digona, Rhynchondla eoncinna. 

Lam. Gresslya peregrina, Oervillia actUa. Homomya gihbota. 
Orinoidea. Apioerinua Parkinsoni (A, eUgana), 
Echinoidea. Behinobri$9u$ clunieulana. 



Upper Jmrassic. 
Oxford Clat. 

Lam. Alectryonia (Ostrea) Marahi. Oryphaa dilataia. jTri- 
gonia dongcUa (also in Kimeridge Clay). 

Oeph. Ammonites: — Cosmoceras Jason; Cosmoeeras edUo- 
vieme (Kellaways Rock). NaxUxLua hexagotnu, Bdemnites 
Ovrnm ( ^puzoaianui). 

CoRALUNE Oolite. 

Aotin. ThecornnUia annularia. ThamiruutrcBa arachnoidu. 

Lam. Trigonia damUaUL Ooniomya v^cripta, 

Ckst. BourgueUa {PhasianeUa) striata, Paeudatnelania (Cfrnp- 
fMtoia) hMUUngUmeniia, Nerinea GoodhaUi. 

Oeph. AmaUheus {Am,) verUbralia (also in npper zone of 
Oxford Clay). Bdemniies abbreviatug, 

Bflhinoidea. ddarit fiorigemma, 

Kimeridge Clat. 

Brach. Bhynehondla inconstans. 

Lam. Ostrea ddUndea, Exogyra virgula* 

Oeph. Pmisphittctn {Am.) biplex. 
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Portland Beds. 

Aotin. iMtlftmak oNcnga (best known bj its casts in flinty in 
which the white parts represent the infilling of the calyx, and 
the darker more transparent portions the replacement of the 
septa and wall. In this species there is no columella, and the 
septa are strongly marked with lateral granules). 

Lam. Trigonia gibboact, 

Gast. Cerithium portlandieum (best known by its screw-like 
casts). 

PURBBCK BbDS. 

Lam. Cyrena, Oatrea diitorta. 
Cast Faludina. Limnact. 

Omstaoea. Gypridea punctaia. Cypridea grcmuloM^ Cyprii 
furb^ckmns, ArchcdorU$eu$ Brodiei 

TiTHONiAN Stage (Basin of the Rhone). 
Brack. Fygope {Tm-eSbratula) diphycL 



IX ORETAOEOUa 
Lower Cretaceous. 

NeOCOMIAN of France and Switzerland (Lower Neocomian of 
many authors). Compare with Lower Speeton Beds in England* 

Lam. Exogyra (Oatrea) Catdoni. Pema MiUleU (see Ather- 
field Clay). Janira atava. 

Ceph. Ammonites : — Hoplitea neocomiensia ; EclcoBtephicmMS 
VOlct^ephofnua) astiericmus. (Holcostephanus is a dose ally of 
Stephanoceras ; the ribs are united in groups on the inner side 
of the whorl, and run continuously over the convex side. Con- 
strictions of the mouth-border may occur, as in Perisphinctes.) 
Criocenu (Aneylocercui) DuvalU, BdemniUa lateralis. 

Echinoidea. Toaeaster complancUua. (Toxaster is a close ally 
of Micraster ; the ambulacra are open below, and the pores are 
sliirlike.) 

JFSALDEN {FrESH'WATER PASSAGE-BEDS FROM 

Upper Jurassic). 

Lam. Cyreria media. Unto valdeneis. 

Gast. Faludina elongaia. MeUxnia 9tromb\formi$. 

Ostraooda. Cypridea valdeneie. 
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Babrkmian* or Uboonian (Atherfield Clay). 

Actin. Hdlocy9ti$ tUgan$. 

Lam. GerviUia anc^, Fema MtUUti (found also in the 
Upper Speeton Beds). Fanopcea plicata. 

Aptian (Hythe Beds and most of Folkestone Beds). 

Spongise. Numerous spicules in the cherts. 

Brach. TerebfriU%da sella (also in the Atherfield Olay and 
Speeton Beds). 

Lam. Exogyra iirnuUa (often large). FlioattUa pUictmea, 

Ceph. HoplUes (Am.) Deshayesii (in this species the median 
iurrow common in HopUtes is absent ; characteristic also of the 
Upper Speeton Beds). 

Albian or Sblbornian^ (Oault^ with uppermost part of 

Folkestone Beds). 

Brach. Kingena lima. Terebratula biplieala. 

Lam. Exogyra oonica. Inoceramus coneentrictu. Inoceramus 
(sub-gen. Aciinoeeramtui) sulcattu. Mticula pectvruUa. Janira 
gutnqiteeoiUUa. Feoten orbicularis and asper (also in Ceno- 
manian). 

Scaphopoda. DmUdUum decusscUum. 

Gast. Alaria cariruUa (often called Aporrhais. This species 
has a narrowed tongue-like, and not broad, expansion of the 
outer lip). 

Ceph. Ammonites : — Acanthoceras (DouvillHcsras) mamU- 
latum (near base); HopUtes intemtptus ; Hoplxtes lautus ; 
HopUtss splendens ; Se/^lcenbaehia injlata (« rostrata). Bamites. 
Ancyloceras. Belemnites minimus. 

Upper Cretaceous. 

Cenomanian (Lower Chalk Stage), 

Spongitt. Flocoscyphia mceandrina. 

Lam. Alectryonia {Ostrea) frons. Feeten asper. 

* 8«e De Lapparent, JrcM de OMogie, 3me. 4d. (1893), pp. 1008 and 
11 1 8. Barr^mian, due to Coqnand in 1862, is the preferable team. 

t See Jokes-Browne and Mill, as to correlation of beds styled '* Upper 
Greensand" in England, Mem. Oeol. 8urv., **Cret. B4X>ks of Britain'' 
(1900), pp. 14.3L 
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Ceph. Ammonitet: — Acanthoosraarothomagenae; SManbeMia 
varians, ScaphUea coqiudis. TurrilUes cosUUtti. Adinocanuu 
plenus (BelemniteUa plena; at toD of series). 

Echinoidea. Discoidea cylindruxL Solaster tubgloboiu$. 

TURONIAN (Middle Chalk). 

Brach. TerehroUulina gracilis. 
Lam. Inoceramua lahiatus, 
Echinoidea. MoUuUr plantti, 

Senonian (Upper Chalk). 

Spongin. Doryderma. VentrictUties. Cliona erefaeea (known 
as borings, or casts of borings). 

Brach. TerebrattUa carnea, Ter^attUina striaia, Bhyt^ 
chonella plieatxlis. Crania, 

Lam. Pecten niiidtu (a small almost smooth form). Spondyhu 
spinostu, Inoceramus CtwierL Inoceramui Brongniarti. Hip- 
purites, Oatrea vesictUaria. 

Ceph. BelemniteUa mucnmata (in higher beds). 

Echinoidea. Cidaria sceptri/era. Cyphoaoma Kcenigi. Galentaa 
albogalerua {Echinoconvs conicua). Micraater corangvinuaL Anam^ 
ehytea ovatua {Echinocorya vtdgaria). 

Danian. 

Lam. Oatrea veaicularia, HippuriUa* 
Ceph. Bactditea Fat^aai. 



X. EOCENE. 

Lower Series (London Series). 

Lower London Tertiabjes. 

Lam. Oatrea heUavacinct, Pectuneuhu terebrat/ularti, CJyrMia 
cunei/ormia, Cyprina MorriaiL 

Gast. Cerithium funatum, Melania inquinaia. Jfdtica tui* 
depreaaa. 

London Clat. 

Lam. Peotunculua hreviroatria, Pholadomya margaT%kMoa(B» 
Teredo (common in fossil wood). 
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€^t. TurriUlla imhricataria, Aporrhais Sotverbyi, Fleur<h 
toma teretrium (and several other species). Gaiertu (CalyptrcBo) 
troehi/onnis, Cassidaria nodosa, 

Ceph. NaiUUua imperials, 

Annelida. Ditrupa plana, 

Omstacea. Roploparia Belli, Xanthopsia LeaehL 

Middle Series (Bracklesham Series). 

Foraminifera. NummuUtes lodmgatus, NummulUes variolarius, 

Actin. LUharcBa Websteri, 

Lam. Venericardia (Cardita) planieottcL Tdlina specioia (and 
several other species). 

Grast. Ceriihium gigariteum, Murex minax, Fleu/rotoma 
aUenuata, Coniu diadema (and several other species). 

Upper Series (Barton Series). 

Lam. CrcusateUa sulcata. Cardita sulcata, Chama squamosa. 
Cast. JiosteUaria (sub-gen. Hippochrenes) ampla, Fusus (sub- 
gen. Clavella) longcevus. Valuta luctatrix. Voluta amingua. 



XI. OLTGOCENB. 
Lower Series (Flnvio-marine Series of Isle of Wight). 

Lam. Cyikerea incrassata (the typical fossil of the marine 
bands). Cyrena ohovcUa, Cyrena semistriata, Ostrea vectensis. 
CorbtUa pisum. 

Oast Melania nmricata, Mdania costcUa, Melania turri- 
tigsima, Melanopsis carinata. Ceinthium mtUabile, Cerithium 
pUcatmn, Cerithium elegans, Rissoa Ghastdi, Neritina eoncava. 
Fotamides eoncavtts, Limncea caudata, Limncea longisccUa, 
Planorhis enompJuUus. Flanarbis discus, Fahtdina lenta. 
BuUmus eUipticus. Helix globosa, 

Ostracoda. Cypris, 

Upper Series (Aquitanian of Paris Basin and North Germany). 

Gkst. Limncea cornea, Fotamides Lamarcki, Flanarbis oomu^ 
MeUx Defrancei (and several other species). 
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XII. MIOCENE, 

Bardigalian* (Faluns of Bordeaux). 

Gast. Mdania aquilanica, Sydrobia acuta (in MfljeoM 
Basin). 

Helvetian (Faluns of Touraine and Anjou in great part ; 

Swiss Marine Mollasse). 

Lam. Ostrea craasissima, Lima squamomi. Area turomoa. 
Oast. Trochui fncroMo^ut. 
Echinoidea. Seutella. 

Tortonian (of N. Ital j, dw.). 

Gast. P^tfuro^oiTia (numerous species). Conut antiqvui, VohUa 
varispina. Belix turan&nsis (in Touraine). 



XIII. PLIOCENE. 

Lower Series (Sarmatian and Pontian of De Lapparenf s 

Miocene System). 

Lam. Panopasa Menardi (lowest beds), f^mui muUUa^MlUL 
Conjeria (several species). 

Placentian (Coralline Crag). 

Poljzoa. Fascicularia aurarMum. E$chara mcmL\fera. GtBe- 
•pora edax, 

Brach. Terebratula grandU (an unusually large species; 
found also in the Lenham Beds). LingtUa DtmorUeru 

Lam. PechmctUfis glycimem (also found in the Lenham 
Beds). Astarie OmaleL Ca/rdUa a&nUu. Cyprina idandiea 
(also in higher Pliocene). 

Gast. Turritella incrassata. Valuta IxmbefiL Caatidaria 
bicatenata, Fieula (Pyrula) reticulata. 

Echinoidea. BchinuB Woodwardii. 

♦ This tern is due to M. Depdret ; see De Lapparant^ TVtnW ds C^M^ 
3ino. cCLy p. 13294. 
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Astian. 
Bbd C raq. 

Lam. Peetenapereularis. CardwrnPcurkintcmi TMinaobliqua, 
Mactra oval%$. 

Cast. Buodwum undatum. N<i$9a retioaacL Purpura tetra- 
gona. Purpura lapillus. Naiica multipunctcUa (and several 
other species). Trophon antiquum, Trophon oonibrariwin (a 
common '' left-handed ** form). 

Norwich Crao. 

Chtft. TurriuUa iertbra ( » oommvmi). Tn^pkon mse^ariformn, 

Crillbsford Bbds. 

Lam. Mya iruneatcL Cyprvna irfomfiog, 
Chist. LiUarina littarm. 
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Abne3r*8 level, 8. 
Absorption of light, 144. 
Aoantaooeras, 370. 
Acetylene tetrabromide, 31. 
AoidaspiB, 393. 
Acmite, 181. 
Acroealenia, 384. 
Actinooamaz, 373. 
Aotinooeramua, 337. 
Actinooeras, 359. 
Aatinocrinne, 379. 
Actinolite, 155. 

.Soliirt^282. 
Actinozoa, 304. 
.£girine, 181. 
.<£gocen8, 36d. 
Agate mortar, 41. 
Agglomerate-lavas, 99, 197. 
Aggloaeratea, yoloamc, 19S. 
Aggregate-growth, 149. 
Agnostufl, 397. 
AUbaster, 208, 274. 
Alaria, 348. 
Alaskite, 219. 
Albite, 84, 173, 275. 
Aloyonaria, 306. 
Alectryonia, 339. 
Aim, action of, 203, 204, 208. 
Alu>triomorphio crystals, 99. 
AUport, on Wrekin rooks, 265. 
Alum in trachyte, 245. 
Aluminium plate, 40. 

,f , tests lor, 60. 
Almute, 77. 
Alveolites, 310. 
Amalthens, 366. 
Amazon-stone, 84. 
Amblvstegite, 178. 
Ametnyst, 155. 
Ammonites, 363. 



AmmoDoidea, 360. 
Amphiboles, 155, 180, 190. 
Amphibole-Schists, 281. 
AmphiboUte, 273, 275, 28L 
Amygdaloidal stmotnre, 100. 
Analcime, 155. 

Analysis, diemioal, of rooks, 107. 
Ananchytes, 387. 
Anataae, 155. 
Aocylooeras, 371. 
Andalusite, 89, 155, 272. 
Andesine, 84, 173. 
Andesite, 249, 250. 

„ -Glass, 266. 
Angelina, 397. 

Anf;les of crystals, 16^ 186 ; of ex- 
tinction, 145. 
Anffleeite, 66. 
Annydrite, 66. 
Annelida, 3S9. 
Anodonta, 334. 

Anomalous doable refraction, 150. 
Anorthite, 66, 84, 173. 

„ -Gabbro, 234. 
Anorthoclase, 168. 
Anthophyllite, 156. 
Anthracite, 213. 
Anthraoosia, 334. 
Antimonite, 66. 
Antimony, tests for, 61. 
Anvil for blowpipe-WQck» 4Ql 
Apatite, 67, 156w 
Apiocrinns, 378^ 
Aplite, 219. 
Apophyllite, 67* 
Aporrliais, 348. 
Aptychns, 357. 
Apns, 393, 404. 
Araohnida, 393, 402. 
Areometer, 25. 
Aragonite, 67, 156, 901* 
Area, 332. j 
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Arcestes, 364. 

Aroheooidaris, 38S. 

Archeonisous, 404. 

Archanodon, 334. 

Arenaoeoufl foraminifera, 294, 297. 

Arfvedsonite, 180. 

Argentite, 67. 

Areonauta, 355. 

Anetites, 367. 

Arkose, 194. 

Arsenic, teste for, 61. 

Arthropoda, 390. 

Artioaiata, 315. 

Asaphus, 400. 

Asbestos, 72. 

Ashes, voloanio, 195, 277. 

Asiphonate Lamellibraoohs, 332, 

335, 339. 
Assilina, 296. 
Astarte, 329. 
Asteroidea, 388. 
AstheDOSoma, 388. 
Astropeoten, 389. 
Atacamite, 67. 
Atrypa, 318. 
Angite, 67, 157. 

•Andesite, 252. 

•Diorite, 227. 

•Syenite, 223. 
Aneitite, 262. 
Avicula, 335. 
Aviculopeoten, 341. 
Axes of elattioity, 87* 
Azorite, 67. 

B. 

Baetritas, 368. 

Bacalitee, 37a 
Baked shale, 272. 
Banded straotare, 97, 241. 
Bariom, testa for, 61. 
Barkevikite, 181. 
Barrandeooeras, 858. 
Barytes, 67, 192. 
Basalt^Qlass, 268. 
BaMdtio Andeeite, 252. 
Basaaite, 255, 260, 261. 
BaaUte, 167. 
Bathmooetas, 358. 
Bauxite, 199. 

Beoke on refractive mdez, 142. 
BelenmiteUa, 873. 
Belemnites, 871. 



>> 



Belemnotenthis, 374. 
Belinuros, 402. 
Bellerophon, 352. 
Belosepia, 374. 
Beneckefa (Banter), 409. 
Bertrand eye-piece, 146, 
Beyriohia, 392. 
Biotite, 158. 
Bisectrices, 88. 
Bismuth, native, 68. 

„ test for, 61. 
Bismuthine, 68. 
Black Band, 209. 
Blastoidea, 380. 
Blende, 77. 
Blowpipe, 37. 

„ -examination of minerals, 
37-78 ; works on, 43. 

„ -flames, 44. 

„ -lamps, 38. 

„ -reagents, 42. 
Blue glass, use of, 49. 
Bolton, on use of organic acids, 34 
Bone-beds, 207. 

Bonney, on siliceous cements, 193. 
Borax, reactions in, 49. 
Boring molluscs, 324. 
Bomite,68. 
Boron, tests for, 61. 
Borotungstate oi cadmium, 30, 116. 
Bourguetia, 349. 
Bracmopoda, 314. 

Brecoiated lavas, 99, 197; limsstoMb 
206,207. 
. „ structure, 94. 
Bromyrite, 78. 
Bronteus, 401. 
Bronziie, 178. 
Brown Ooal, 212. 
Brudte, 68. 
Bryoeoa, 811. 
Bucoinum, 346. 
Bulimus, 854. 
Bytownite, 84, 178. 



Cadmltun. test lor, 61. 

Calamine, 68; " Blectrio," 72. 
Calcareous Alga, 203. 
Calceola, 306. 
Calciphyre, 273, 274. 
1 Calcite, 68, 158, 201. 






INDEX. 



421 



Giloium, tests for, 61, 83. 

Calc-Sohist, 283. 

Calymene, 398. 

Calyptnea, 352. 

Camarophoria, 817. 

Camptonite, 232. 

Carangeot, contact goniometer, 16. 

Oarbon dioxide, tests for, 61. 

Carbonates, examination of, 34, 106. 

Carbonicola, 334. 

Card trays, 292. 

Gardinia, 330. 

Cardiola, 333. 

Cardita,330. 

Cardium, 328. 

Carpenter, P. H., on crinoidi, 376. 

Carstone, 193. 

Oasridaria 347. 

Cassiterite', 68, 159. 

Celestine, 68. 

Cellepora, 314. 

Cephalopoda, 355. 

Ceratiooaris, 404. 

Ceratites, 364. 

Cerithinm, 349. 

Ceromya, 326. 

Cemssite, 68. 

Chalcedony, 159, 192, 210. 

Chalcopynte, 70. 

Chalcosme ( = Redmthite), 75. 

Chalk, 201, 202. 

Chalybite, 69. 

Chama,330. 

Characteristic inyertebrate fossils, 

405. 
Charcoal for blowpipe-work, 39. 

„ reactions on, 55. 
Chasmops, 400. 
Cheilostomata, 313. 
Cheiroros, 393. 
ChemnitKU^ 349. 
Chenopns, 348. 
Chert, 200, 210. 
GhiastoUte, 159, 272. 
Chlamya, 341. 
Chloanthite, 69. 
Chlorine, tests for, 61, 
(^hlorite, 160. 
( hlorite Bchist, 280. 
Chloritoid, 172. 
Chondrophora, 374. 
Chromite. 69, 160. 
Chromium, tests for, 61. 
Chrysooolla, 69* 



Cidaris, 385. 

Cinnabar, 69. 

Cipollino, 274, 283. 

Citric acid, use of, 35. 

Clavella, 346. 

Clay-ironstone, 209 (see Chalybite). 

Clays, 197. 

Cleavage, of minerals, 20, 138; of 

rocks, 96, 276. 
Climacograptus, 303. 
Clinometer, 5. 
Cliona, 299. 
Clymenia, 362. 
Clypens, 386. 
Coals, 212. 
Coates*s balance, 27. 
Cobalt, nitrate, ose of, 55, 58. 

„ , tests for, 6L 
Cobaltine, 69. 
Coccolite, 160. 
Coccoliths, 202. 
Cceloceras, 368. 
Ccenites, 310. 
Collyrites, 387. 
Colour of minerals, 15. 
Columnar structure, 97. 
Compact Syenite, 224. 
Concretionary rocks, 209. 
Concretions, 207, 209. 
Cone-in-cone structure, 209. 
Congeria, 335. 
Conglomerates, 213, 283. 
Conocardium, 328. 
Conocephalus, 397. 
Conocoryphe, 397. 
Contact Goniometer, 16. 

„ -metamorphism, 271. 
Contour lines, 8. 
Conularia, 355. 
Conus, 345. 
C<mvergent polarised light, use of> 

151. 
Copper, tests for, 61. 

„ Glance, 75. 

„ Pyrites, 70. 
Coial-Limeetones, 203. 
Corallines, 203. 
Corbicula, 329. 
Corbula, 327. 
Cordier, researches on constitution 

of rocks, 110, 132. 
Cordierite, 160, 284. 
Comiah and Keodall, on shells, 
201. 
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Corrosion of oryBtals, 137* 

Gorsite, 102. 

Corundom, 70l 

CoBmoceras, 368. 

Crania, 321. 

Craasatella, 33a 

Crinoidea, 375. 

Criooeras, 371. 

Cmstaoea, 390. 

Oryolite, 70. 

Ci5rptooryBtalline stmotnre^ 98, 244. 

CryptoBtomata, 312. 

Crystalline sandstones, 192. 

CiTstaUites, 99, 243, 264, 267. 

CtenostreoD, 341. 

Caoollflda, 332. 

Capellation of lead ores, 66. 

Cuprite, 70. 

Cyathoorinns, 379. 

Qrathophyllom, 307. 

Q^olas, 329. 

C^ololites, 309. 

C^ololobus, 365. 

Cyolostomata, 31 L 

OyphoBoma, 384. 

^pridea, 391. 

0ypridina, 391. 

Cyprina, 329. 

C^ris, 391. 

Cyrena, 329. 

Cyrtooeras, 360. 

Cyrtodonto, 332. 

Qrstidea, 380. 

CTstideans, 380. 

C^i^here, 392. 

Cytherea, 325. 



Daelte,250. 

Dal mania, 401. 

Dalton, method id dotennining 

dip, 6. 

Daonella, 336. 

Becapoda, 378, 379. 

BeooUated shells, 843. 

Delesse, on rodc-oonstitatioii. 181. 
132. «— -— t 

Dense liquids, 29, 116. 
Dentalina, 295. 
Dentalium, 342. 
Derived fossils, 292. 
Desert-sand, 189. 



Desmine, 182. 

Diabase, 227, 230, 235, 25)» 268. 

Diallage, 161. 

Diatomaceous depositSy 213^ 

Dioeras, 330. 

Dichrosoope, 89. 

Dick, Allan, ' 

126. 
Dictyonema, 304. 
Did^ograptus, 303. 
Dimision-oolumn, 31« 
Diop|8ide, 161. 
Diorite, 227. 

Dip, determination o( 5w 
Diplograptus, 303. 
Dipjrre, 180. 
Disoina, 321. 
Disoinisca, 321. 
Discites, 358. 
Disooidea, 385. 
Displacement-apparatus for 

gravities, 103. 
Ditroite, 224. 
Ditrupa, 390. 
Dolerite, 230, 234. 
Dolomite, 34, 70, 105, 161, 206, 274 
Dolomitic Limestone, 105, 206» 274. 
Domite, 247. 
Dorvderma, 300. 
Douole refraction, 144: «^»mfnfiihML 

150. 
Dreissena (Dreissensia)^ 335. 
Drusy structure, 97* 
Dunite,239. 



E. 
Eohinobrissos, 386. 

Echinoconus, 385. 
Echinocorys, 387. 
Echinodermata, 375. 
Echinoidea, 381. 
Echinosphserites, 381* 
Echinus, 384. 
Edogite, 282, 283. 
EkBoIite, 74, 169. 

„ -Diorite, 229. 

„ -Syenite, 223. 
Electric cement, 22. 
Elvan, Elvanite, 220. 
Enclosures in mimuff alp^ I3f^ 
Encrinites, .375. 
Enorinus, 377. 
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Bnorostations on oharooal, ff7. 
Sndothyra, 297. 
Snstatite, 178. 
Entalophora, 312. 
Entomofltraca, 390. 
Entroohal marble, 377. 
Eozoon, '^73 (footnote), 
Epidiorite, 226, 228, 229, 285, 282, 

285. 
Epidote, 70, 161. 
Epsom salt (Epsomite), 71. 
Ernbeeoite (Bornite), 68. 
Eschara, 313. 
Eetheria, 392. 
Eueohinoidea» 388. 
EuomphaluB, 352. 
Euphotide, 227. 
Enrite, 220. 
Eorypterida, 402. 
Emypterus, 403. 
Exogyra, 340. 
Extinction, angles of, 145. 
Extraction of minerals, 14. 
E^-stmotore, 96, 279, 284. 



F. 



Faseieularia, 812. 

Favosites, 310. 

Fekite, 220, 242. 

Felspars (see the yarions speoiei). 

„ in sands, 190. 

„ , flame-reaotioos of, 78. 
Felstone, 242. 
Feaestrila, 312. 
Fionla, 347. 

Field-obsenration, works on, 2. 
Flaggy Gneiss, 276. 
Flame-coloiiration, 47, 78. 
Flaser-gabbro, 234. 
Flint, 189, 200, 210. 
Flow-Breccia structure, 99. 
Fluidal gneissic structure, 102. 

,, structure, 99. 
Fluorine, tests for, 62. 
Fluor-spar, 71, IC^. 
Foliation, 96, 278. 
Foraminifera, 291. 
Fovellenstein, 234. 
Form of minerals, 15, 134. 
Formations, geologioal, 293. 
FoBsils, study of, 2B7 ; mode of pre- 
•ervation, 290 ; derived, 292. 



Fouqu^, use of eleotro-raagnet, 115; 

of nydrofluorio aoid, 120. 
Foyaite, 223. 
Franklinite, 71. 
Fusibility of minerals, 45» 81; ol 

rocks, 104. 
Fusion-place, 45, 79. 
Fusulina, 297. 
Fusus, 346. 



Q. 



Gabbro, 227, 233, 285. 
„ -Gneiss, 285. 
Galena, 71. 
Galerites, 385. 
Galerus, 352. 
Gallinaoe, 266. 
Garnet, 71, 163. 
Gastriooeras, 363. 
Gastropoda, 343. 
Gedrite, 156. 
Gelatinisation on treatment with 

aoid,3d. 
Genera, range of, 293; importaaod 

of, 405. 
Geoteuthis, 374. 
Gervillia, 337. 

Glass Tubes, reactions in, 58. 
Glassy igneous rocks, 263. 
Glauconite, 191, 299. 
Glauoophane, 181. 

„ -Schist, 282. 

Globigerina, 295. 
Glucina (see Aluminium), AL 
Glydmeris, 325. 
Glyphiooeras, 363. 
Glyptaroa, 400. 
Gneisses, 283. 

Gneissic structure, 102, 284. 
Gomphoceras, 359. 
Goniaster, 389. 
Goniatites, 362. 
Goniometers, 16. 
Gkmiomya, 326. 
G^thite, 71. 
Grammysia, 335. 
Granatocrinus, 380. 
Granite, 217, 225. 
Granitic structure, 100. 
Granitite, 218. 

Granophyre, 102, 220, 221, 287. 
Granophyrio stmoture, 102. 
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Granular strnotare, 100, 220. 
GranuUte, 286 ; igneous, 100, 230. 
Graphic granite, 219. 

„ struotnre, 101, 219. 
Graphite, 71. 
Graptolites, 303. 
Gravels, 213. 
GreiBen, 219. 
Greaslva, 326. 
Griffithides, 401. 
Grits, 192. 
Gryphiea, 340. 
Gypsum, 72, 163, 199, 208. 

Haanel, plaster plates, 55. 

Hematite, 72, 163. 

HalleHinta, 242, 286. 

Hallirhoa, 300. 

Halobia, 409. 

Halysites, aia 

Hamites, 370. 

Hammer, geological, 3. 

Hamolina, 371. 

Hardness of minerals, 21 ; of rocks, 

93. 
Harpee,398. 
Harpoceras, 367. 
Hauenschild's apparatus, 119. 
Hauyne, 84, 163. 
Haiiynophjrre, 255. 
Heavy hquids, 29, 116. 
Heliolites, 306. 
Helix, 353. 

Uemicrystalline stmotnre, 99. 
Hemimorphite, 72. 
Heterocrinua, 379. 
Heteromyaria, 335-338« 
Hoxacoralla, 304. 
HexaotinellidsB, 300. 
Hildooeras (Harpoceras), 410. 
Hippochrenes, 348. 
Hippopodium, 338. 
Hippurites, 331. 
HoBmesia, 337. 
Holaater, 387. 

Holcostephanus (Neooomian), 412. 
Holmia,396. 
HolocrystaUine igneous rooks, 100, 

217. 
Holooystis, 309. 
Holopos, 875. 
HolostomatoQs sheUs» 843. 



Homakmotns, 309. 
Homomya, 326. 
Homomyaria, 325-388. 
Hoplites, 369. 
Hoploparia, 404. 
Horn Silver, 72. 
HOTnblende, 72, 164. 

„ -Schist, 281. 

„ -Granite, 217, 

Homstone, 220. 
Hutchings, on clays, 199L 
Hydrobia,35a 
Hydrometer, 25. 
Hydrosoa, 302. 
Hymenocaris, 404. 
Hyolithes, 354. 
Hypersthene, 178. 
Hypersthenite, 228. 



lehthyoeplniis, 379. 

Idiomorphic crystals, 99L 

Igneous rooks, 215; ooUeotioii aC 

specimens of, 216 ; table of, 270. 
nUsnus, 400. 
Hmenite, 76, 183. 
Inarticulata, 320. 
Indices of refraction, 87. 
Inooeramus, 336. 

Integripalliate LameUibranohs, SX^ 
Intermediate igneous rocks, 925, 
Intersertsl structure, 255. 
Iron, tests for, 62 ; native, 72, 166L 
Iron FTritee, 72, 165, 291. 
Ironstones, 209; piBolitic and ooHtk^ 

206, 210. 
Irregularee, 386. 
Isas&sBa, 308. 
Isocardia, 326. 

Isolation of rock-constitiMDfti^ llOl 
Isopoda, 404. 
Isotropism, 150. 



J. 



Jaiiint,34i. 

JoUVs spring-balance, 28. 

Judo, on volcanic glass, 106; oa 
ffrowth of ciTstalB, 187 ; on Sdiil- 
terisation, 1.^; on Gabbro and 
Dolerite, 232 ; on oonstitation oC 
lavas, 249. 
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Kaolin, 72, 166, 190. 

Kendall, on gastropod aheHi, 345. 

„ and Cornish, on sheDs, 201. 
Kerargyrite, 72l 
Keratophyre, 222, 224. 
Kersantite, 225, 226, 282L 
KersanUm, 226. 
Kin^^na, 816. 
Klein's aolntion, 80. 
Koninokella, 310. 
Koninckina, 319. 
Kupfemiokel, 73. 
Kyanite, 166. 



Labeehla, 302. 

Labelling of roeoimens, 11. 
Labradorite, 73, 84, 173. 
Lagena, 296. 
Lamellibraoohiata, 322. 
Laminated structure, 94. 
Lamprophyro, 224, 232, 
Lantern of Aristotle, 382. 
Lapis Lazuli, 164. 
Lapworth, on metamorphic rocks, 

278, 279. 
Lawson, on Malignite, 228; on 

Laurentian, 283. 
Lead, tests for, 62. 
L6da,327. 

Left-handed sheUs, 344. 
Leperditia, 392. 
Lepralia, 313. 
Leptaena, 319. 
Leptostraca, 403. 
L^ynite, 286. 
Lendte, 84, 166. 

„ -Andesite, 266. 
„ -Basalt, 261. 
Lenoitite, 232, 236, 266, 261. 
Leuoozene, 16^. 
Lhenolite, 239. 
Lima, 340. 

Limbnrgite, 262, 268. 
Limestones, 199; conofetioiiafy, 209 ; 

crystalline, 274, 288. 
Limnsa, 364. 
Limonite, 73, 167. 
Limnlos, 401, 402. 
Lingola, 320. 



Lingulella, 320. 

Liparite, 240. 

Lithartea, 308. 

Lithistide, 300. 

Lithium, tests for, 62. 

Lithodomus, 338. 

Lithoidal rocks, 99, 24a 

Lithophyses, 98. 

Lithostrotion, 307. 

Littorina, 361. 

Littorinella (=HydrobU), 360. 

Lituites, 359. 

Loams, 198. 

Loligo, 374. 

Lonsdaleia, 307. 

Luken's balance, 27. 

Lustre of minerals, 16. 

„ -mottling, 101, 236* 
Luxullianite, 219. 
Lydian stone, 212, 273. 
Lytoceras, 370. 



Maerodon, 332. 

Mactra, 326. 

Madreporaria, 306. 

Magellania, 316. 

Magmabasalt, 262. 

Magnesite, 73. 

Magnesium, tests for, 62. 

Magnet, use of, in isolating coiisti* 

tuents, 116. 
Magnetic characters, 22. 
Maffnetite, 22, 73, 167, 190. 
Malachite, 73. 
Malacostraoa, 404. 
Malignite, 2S3. 
Manganese, tests for, 62. 
Manmiitc^ 76. 
MarUes, 274. 
Marcasite, 73, 166, 291. 
Marekanite, 106. 
Marialite (ScapoUte), 179. 
Marls, 198. 
Medlicottia, 363. 
Meionite (Scapolite), 179. 
Melania, 349. 
Melanite, 163. 
Melanopsis, 349. 
MeUphyre, 263, 268, 260. 
Melifite, 262. 

„ -Basalt, 261. 
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Melonites, 388. 

Membranipora, 313. 

Mercury, testa for, 62. 

Merifitella, 318. 

Merostomata, 401. 

Mesonacis, .S96. 

Metal, reduotkm to, with Uowpipe, 

58. 
Metallic beads, reactions of, 59. 
Metamorphic Rocks, 271. 
Methylene iodide, 30, 
Miarolitio structure, 97« 
Miascite, 223. 
Micas, 167, 190. 
Mica-Schist, 279. 

„ -Trap, 224. 
Michelima, 309. 
Micraster, 387. 
Microchemistry, 36. 
Microcline, 168, 178. 
Miorocosmio salt, reactions in, 51. 
Microcrystall.ne structure, 99. 
Microgranite, 220. 
Microgranitic structure, 100. 
Microgranular structure, 101. 
Microgranulite, 220. 
Microgranulitic structure, 100. 
Micrographic structure, 102. 
MicroUtes, 243, 265. 
Microlitio structure, 99. 
Micropegmatitic structure, 101. 
Microscope, petrological, 123. 
MiUola (MilioUtes), 295. 
Miller, reflective goniometer, 17. 
Millstone-Porphyry, 241. 
Minerals, aspect in rook-seotions, 

134, 154. 
Minette, 222, 224. 
Mispickel, 73. 
Modiola, 337. 

Mohr's displacement-appaiatoiy 103. 
Molybdenite, 73. 
Molybdenum, tests for, 62. 
Monactinellidffi, 299. 
Monograpttts, 303. 
Monomyaria, 339. 
Monophyllites, 365. 
Monopleura, 331. 
Monotis, 336. 
Montlivaltia, 309. 

Mounting of microsoopio objeots, 128. 
Murohisonia, 352. 
Mures, 347. 
MoBOOvite, 160. 



Mya, 327. 

Mylonitio structure, 279L 

Myophoria, 33A. 

Mytfliifl,337. 



Na8Sa,346. 

Natioa, 350. 

Natioopsis, 351. 

Natrolite, 74, 169. 

Nautiloidea, 358. 

Nautilus, 358. 

Nebalia,403. 

Negative and positive oEyBtali, 88L 

Neocrinoidea, 377. 

Nepheline, 74, 84, 169. 

•Andeeite, 25S. 

-Basalt, 260. 

-Diorite, 229. 

-Dolerite, 231, 218. 

-Syenite, 223. 

-Trachyte 2^. 
Nephelinite, 232» 2^ 256» 261. 
Nerinea, 350. 
Nerita, 351. 
Neritina, 351. 
Niooolite, 73. 

Nicholson's ar»ometer. 26. 
Nicholson, on Qraptolitet^ 303 ; oo 

Heliolites, 306. 
Nickel, teste for, 63, 69. 
Nickeline, 73. 
Nitre, 74. 
Nodosaria, 295. 
Norite, 227. 
Nosean, 84, 170. 
Noseanite, 232. 
Nothoceras, 358. 
Novaoulite, 211. 
Nuoula,333. 

Nullipores (coralline^, 203. 
Nummulitet, 296. 



0. 

Obllcrae extinetioB, 147. 

Obolella, 321. 
Obolus, 321. 
Obsidian, 105,264. 
Octocoralla, 304, 306. 
Oxygia, 399. 
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Oloofltephaniis (Neooomiao), 412. 
Olenellus, 396. 
Olenus, 397. 
Oligodjue, 74» 84, 173. 
Olivine, 74, 170 ; nodules, 200. 

•Basalt, 257. 

•DiabaM, 235, 25S. 

•Dolerite, 234. 

•Gabbro, 232. 

•Leucitite, 261. 
9, -Nephelinite, 261. 
„ -Rook, 239. 
Omphyma, 307. 
Onisous, 378. 
Oolites, 203. 

Oolitio strnoture, 05« 203; in flint, 
212. 

Ophioalcite, 274. 

Ophite, 101, 237. 

(^hitio structure, 101, 229, 260. 

Ophiuroidea, 388, 389. 

Optical sign of minerals, 147. 

Orbicular structure^ 102, 220. 

Orbiculoidea, 321. 

OrMtoidee, 296. 

OrtMs, 319. 

Orthooeras, 359. 

Orthoclase, 74, 84, 171. 

,, -porphyry, 224. 
Orthogneiss, 278. 
Orthonota, 334. 
Orthophvre, 224. 
Ostraobda, 390. 
Ostrea, 339. 
Ottrelite, 172. 
Oxidising flame, 45. 
Ozynotioeras, 366. 



P. 

PalsBarea, 832. 

Palsaster, 389. 
Pabeohinus, ^9i8. 
Palttooorystes, 405. 
Palffiocrinoidea, 377. 
Palsontology, works on, 289. 
Palagonite, 266, 269. 
Palechinoidea, 888. 
Paludina, 350. 
PanopcBa, 325. 
Pantellerite, 246. 
Ptoabolina, 398. 



Paradoxides, 396. 

Paragneiss, 278. 

Para^onite, 280. 

Parallelodon, 332. 

Parish's balance, 27. 

Parkinsonia, 369. 

Patella, 353. 

Pecten, 341. 

Pectunculus, 333. 

Pegmatite, 219. 

Pegmatitic structure, 101. 

Prf^ Hair, '268. 

Pentacrinus, 378. 

Pentamerus, 317. 

Pentremites, 380 ; P. elliptiem, 880. 

Peridotite, 236, 263, 268. 

Perisphinctes, 369. 

PerUte, 264. 

Perlitic structure, 98, 265. 

Pema, 337. 

Peronidella (Peronella), 302. 

Petrography, works on, 133. 

PeiroBilex, 220, 242. 

Phacops, 400. 

Pharetrones, 301. 

Pbasianella, 352. 

Phenocrysts, 97. 

Phillipsia, 401. 

Phlogopite, 173. 

Pholadid*. 327. 

Pholadomya, 326. 

Pholas, 324. 

PhonoUte, -247, 248, 249. 

Phormosoma, 388. 

Phosphatic deposits, 208. 

Phosphoric acid, test for, 36. 

Phosphorus, test for, 63. 

Phragmoceras, 360. 

Phragmophora, 371. 

Phyllade, 277. 

Phyllite, 277. 

Phyllocarida, 403. 

Phylloceras, 365. 

Phyllopoda, 392. 

Picrite, 236. 

Pinfte, 173. 

Pinna, 337. 

Piiinigena, 337. 

Pisolitic structure, 95, 203. 

Pistacite, 161. 

Pitchblende, 74. 

Pitohstone, 263. 

Plagioclasee, 173. 

Plagiostoma, 341. 
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FUnorbis, 854. 

Plaster of PariB plates, 65. 

Platyoriniia, 379. 

Pleoohioism of mineralf , 89, 148. 

^earotoma, 845. 

Pleorotomaria, 358. 

PUoatula, 342. 

Ploooeoyphiay 801. 

Poikilitio atmotiire, 101. 

Polished snrfooes, ezaminatioiii of, 

182. 
Poljsoa, 811. 
PoroeUiAea, 295. 
Poroellanite, 272. 
Porifera,298. 
Porphyrite, 230, 250, 251, 252, 858, 

Porphyritio stniotiire, 97. 

PoBidoaomya, 336. 

Positiye and negative oryatals, 88. 

Potamides, 349. 

Potasdiim, tests for, 68, 81, 86. 

Poteriooeras, 360. 

Prestwichia, 402. 

Primitia, 392. 

Produotus, 319. 

Proetns and Ptoetid», 401. 

Prolecanites, 363. 

Prolimulus, 402. 

Pronorites, .363. 

Proportions of rook • ooostitiMiiti, 

121. 
Prop;rUte, 255. 
Prosiphonate shells, 868. 
Prosooranohiata, 345. 
Protaster. 389. 
Protooardia, 328. 
Pkx>togine, 284. 
Plroto^ponma, 801. 
Pronstite, 74. 

Ptoeado-hypersthene, 157» 288. 
PfeeudomeJania, 349. 
Psiloceras, 367. 
Pdlomelane, 74. 
Pterinea, 385. 
Pteropoda, 354. 
Pterygotns, 408. 
Pulmonata, 353. 
Pomioeoos stractnre, 99. 
Purpura, 347. 
P^^gaster, 386. 
i^gope, 816. 

Pygorhylis (Inferior Ocdite), 411. 
P yrargy rlte, 74. 



Pyrite, 72, 165, 291. 
Pyrolusite, 74. 
Pyromeride, 241, 265. 
Pyromorphite, 75. 
Pyroxenes, 177, 190. 
lyroxene-Andesite, 252. 

„ -Diorite, 227. 
Pyrriiotine, 22, 75, 177. 
Pyrula,847. 






Quartz, 75, 177, 189. 

„ -Andesite, 249. 
„ -Aphanite, 226. 

-Diabase, 226, 227. 

-Diorite, 225. 

•Felsite, 220. 
„ -Keratophyre, 222. 
„ -Pantellerite, 245. 
„ plate, 146. 
„ -Forphyrite, 250. 

-Porphyry, 220, 811 

-Rook, 194. 

-Schist, 276, 283. 



it 



„ -Trachyte, 240. 
wedge, 125, 148. 
194, 275, 283. 
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Radiolaria, 297 ; ]nalbite,87& 

Radiolites, 381. 

RaduU, 341. 

Rafinesquina, 819. 

Bastrites, 308. 

Redruthite, 75. 

Reducing flame, 45. 

Reflective Goniometers, 17-19. 

Refractive index of minerals, 141. 

Regional Metamorphism, 273. 

Regulares, 384. 

Retrosiphonate sheUs, 862. 

Retzia, 818. 

Rhaphidonema, 802. 

Rhizopoda, 294. 

Rhodonite, 75. 

Rhombic Ppoxenes, 178. 

Rhynchoneila, 816. 

RhyoUte, 240. 

_ „ -Glass, 264. 

RhyoliUc Andedte, 248. 
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Riebeckite, 181. 

Right-handed aheUs, 344. 

Rimella, 348. 

Rings and orosies in oonvergent 

polariaed light, 161. 
Ri88oa,3fiO. 

Roasting of minerals, 45. 
Rook-Siat, 75, 208. 

„ -structures, 04. 
Rooks, study of, in field, 92. 
Rohrbach's solution, 30. 
Roetellaria, 347. 
Rotalia, 2t 6. 
Rudistae, 331. 
Rupert Jones, T., on Ostraooda, 

391 ; on Estheris, 392. 
RutUe, 75, 179, 187, 191, 277. 
Rutley, on Novaoulite, 212. 



Saeeammina, 297. 

Sal-ammoniac, 76. 
Band, 186. 

„ -grains, characters of, 187. 
£andirtone, 192. 
Banidine, 171. 
£aussure, H. B. de, detenninations 

of fusibility, 46. 
fiaussurite, 177, 227, 285. 
ficaphites, 371. 
ficaphopoda, 342. 
Scapolites, 179. 
Bchalstein, 258. 
SMefer BJid SehitU, 21S. 
DcldUerisation, 20, 139. 
Schists, 278-28a 
Schizodus, 334. 
Schkenbachia, 366. 
Schlotheimia, 366. 
SohHiter, on Belemnitella, 374. 
Schmidt, on Euxypterida, 408. 
Schorl, 183. 
Sckrography, 288. 
Sooriaoeotts structure, 99, 100. 
Scutella, 386. 
ScyeUte, 237. 
Sea-urchins, 381. 
Secondary devitrificatioii« 241, 244, 

264. 
SeoondaiT growths of crystals, 187. 
Sections for the microscope, 129. 
Sedimentary Rocks, 186-214. 



Separating apparatus, 113-120. 
Sepia, 374. 

Septarian structure, 95. 
Senoite, 169. 

Serpentine, mineral, 180 ; rook, 287t 
281. 
„ -Schist^ 281. 
Serpentinous limestone, 274, 275i. 
Serpula, 390. 
Shale, 197. 

Shells, constitution of, 201. 
Shelly Limestones, 201. 
Siderite ( » Chalybite), 69. 
Sifting ot powdered mat«9rials, li8» 

188. 
Silicates, decompositioii of, 33. 
Silicon, tests for, 63. 
SilUmanite, 180. 
Silver, tests for, 63. 
Sinter, 208. 

Sinupalliate Lamellibranohs, 325. 
Siphonate Lamellibranchs, b25, 328, 

335. 
Siphonia, 300. 

Siphonostomatous shells, 343. 
Skeleton-spherulites, 244. 
Slate, 276. 
Smaltine, 76. 
Smaragdite, 164. 
Smeeth, on specific gravity of small 

grains, 24 ; separating apparatus, 

119. 
Smithsonite, 68. 
Soda-Amphiboles, 180L 

„ -MicrocUne, 168, 173. 

,, -Nitre, 76. 

„ -Orthodase, 74, 84, 172. 

„ -Pyroxenes, 181. 

„ -Rhyolite, 245. 

„ -Trachyte, 246. 
SodaUte, 84, 181. 
Sodium, tests for, 64, 81. 
Soils, washing of, 115. 
SoUas, on dinusion-oolnmn, 31, 12(1. 
SolubUity of minerals, 82. 
Sonstadvs solution, 29. 
Sorby, on microscopic monntim{, 128 ; 

<m sand-grains, 188 ; on Stones- 
field slate, 200; on oonstitutioii 

of shells, 201; on oolite, 204; 

on travertine, 208; o& oorals* 

304. 
Spatangus, 387. 
Specific-gravity bottle, 24. 
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Speoifio gravity of mmerak, 23-32 ; 
of rooks, 103 ; of sabstaooM lifter 
than water, 24. 

Speoular iron, 71. 

Sphene, 76, 183. 

SphflBrium, 320. 

Spheroidal ftniotnre^ 07. 

SphemUtio straoture, 08, 241, 266, 
267. 

Spilite,268. 

Spinel, 76. 

Spinelloids, 19SL 

Spirifer, 318. 

Spiriferina, 318. 

Spimla, 374. 

Spimlirostra, 37i. 

Spondyloa, 342. 

Sponge-spioules, 298 ; in chert, 211. 

Sponges, 298; siliceous, 2^; cal- 
careous, 301. 

Spotted Shale, 27SL 

Stalactites, 207. 

Stalagmites, 207. 

Step^mooeras, 368. 

Stibnite (sAntimonite), 66. 

Stilbite, 182. 

Straight extinction, 147. 

Strode, 15. 

Stream Tin, 68. 

Strike, 7. 

Stringooephalufl, 316. 

Stripe in slate, 276. 

Stromatopora, H0K2. 

Strontianite, 76. 

Strontium, tests for, 64. 

Strophomena, 319. 

StvlonuruB, 403. 

Sulphnr, tests for, 60, 64; native, 76. 

Syenite, 222; Compact, 224. 

Sylvine, 76. 

Syringopora, 310. 

SflEab6 on Flame-reactioDS of the 
Felspars, 78-84. 



Taehylyte, 266. 

TaloTvO, 183. 

„ -Schist, 281. 
Teall, on sUte, to., 277, 282. 
Tellina, 325. 
Tellurium, 48. 
Tentaoulitas, 355. 



T^phrine, 255. 

Tephrite, 266. 

Terebratula, 315. 

Terebratulina, 316. 

Teredo, 327. 

Tetraooralla, 304. 

Tetraotinella (Retzia), 461 

TetractinellidsB, 300. 

Textularia, 295. 

Thallium silver nitrate, 1901 

Thamnastraaa, 309. 

Tbeca, 354. 

Thecosmilia, 309. 

Thecosomata, 354. 

Theralite, 229. 

Thoulet's separating apparatus, 114, 

117. 
Thread-lace scoria, 268. 
Tin, tests for, 64. 
Tinstone (=Ca88iterite), 68. 
Tiree Marble, 274. 
Titanic iron ore, 76, 183. 
Titanium, tests for, 64. 
Tonalite, 225. 
Topaz, 76, 183. 
Tourmaline, 77, 183, 190. 
Tourmaline-Oranite, 210. 
Toxaster (Neocomian), 412. 
Trachyceras, 364. 
Trachyte, 245. 

„ -Glass, 266. 
Trachytic Andesite, 2SL 
TrapOranolite, 230, 286. 
Travertine, 208. 
Trays for specimens, 298^ 
Tremacystia, 302. 
Tremolite, 184. 
Triarthrus, 393, 396. 
Trichites (crystoUites). 266w 

„ (molluBo), 337* 
Tridymite, 184. 
Trigonia, 333. 
Trilobites, 393. 
Trinuoleus, 398. 
Trocholitee, 358. 
Troohus, 351. 
Trootolite, 234, 288. 
Trophon, 347. 
Tuffs. 196. 

Tungsten, teats for^ 64. 
Turbo. .%1. 
Turrilites, 371. 
Turritella, 849. 
Twinning, 16, 187* 148. 
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U. 

Unlo, 884. 

XJralite, 167. 
Uranium, testa for, 65. 



V. 

YarioUtCL 258, 267, 268, 
VeDeiioardU^ 330. 
Veotoionlitee, SOL 
VennB, 325. 
Verde di Cordoa, 227* 
Vibraticm-traoes, 86* 
yitrea,295. 
Vivianite, 77, 89. 
Yivipara, 350. 
Vogesite, 225. 
Vousanio agglomerates, 195. 
Yoluta, 346; 



W. 



Wet 



its, tests with, 32. 



Waldhelmia, 316. 

loifi 

f P0¥ 

Wobstente,77. 



Wolkor's speoifio gravity balaaoe, 26. 
Washing ol powdered materials, 114. 



reageol 
WetherM, on oolitic stmoture, 204. 
Witherite, 77. 
Wolfram, 77. 
Wollastonite, 77. 
Wonn-borings, 389. 



Xanthopsia, 405. 

Xenooryets, 97* 
Xiphosura, 402. 



Zaphpentls, 307. 

Zeolites, 184. 
Zinc, tests for, 65. 
Zinc-Blende, 77. 
Zircon, 77, 185, 187, 191. 
Zirconium, tests for, 65, 77* 
Zirkel, on Phonolite, 247. 
Zobtenite, 285. 
Zoisite, 185. 
Zoned structure, 141. 
Zones, secondary, around minerals, 
234. 
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